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! FOREWORD

The 1988 Parma Conference carries on the tradition of International Conferences,
which originated as a meeting on "Color Centers in Alkali Halides” in 1956. Over
the years the nieeting has developed into the International Conference on Defects in
Insulating Crystals.

This year it will focus on the current state of knowledge of defects and defect pro-
cesses in a wide range of materials. [t will bring together scientists from both academic
institrtions and industry and will present a unique opportunity for discussion of the
role of defects in modern material technology. The Conference will stress the value
of a fundamental scientific understanding of defects in the desngn and application of
materials for specific purposes. efrets s (")H - \ —

The contributions made by the International, Domestic. and Program Advisory
Committee to the planning and selection of the scientific program and invited speakers
was of singular importance. The scientific program will consist of 22 invited lectures,
plus oral contributions and poster presentations.

The sponsorship and the financial support from a variety of organizations and in-
dustries are gratefully acknowledged. Both types of institutions have expressed and
demonstrated strong interest in the objectives of the Conference.

The Conference has been organized in the context of the Physics Department of the
University of Parma: the colleagues of the Local Organizing Committee and ali those
people actively involved in the difficult task of organizing an International Conference
are deeply acknowledged.

The Conference will be held in Parma. a historic town in northern Italy. The lively
atmosphere of an old Italian town should provide warm hospitality and a relaxing time
for all the participants. who are heartily welcome.

Rosanna Capelletti

Conference Chairman
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1-L1
CQUPLING AND ENERGY SFER BETWEEN ¥ CENTERS AND MOLECU DEFECTS*

Fang Rong, Yihong YangT and Fritz Luty
Physics Department, University of Utah, Salt Lake City, Utah 84112, USA

Association of the most simple electronic (e) and vibrational (v) "model-
defects" in alkali-halides--F centers and molecular ions--has created a new
class of defect pairs, characterized by unusual (e — V) energy transfer as
well as (e) and (v) radiative and non-radiative relaxation processes on
totally different time-scales. Besides mentioning some essential results
on F centers associated to other molecular partners (like OH , L), we
concentrate in this survey on the F center-CN pair ("F (CN ) center“)
most extensively studied with optical absorption, (e) and (V) fluorescence,
and Stokes and anti-Stokes resonance Raman scattering techniques.

The electronic absorption of the F (CN ) defects covers a wide range of
behavior under host material variation between two extremes: from only
slightly broadened and red-shifted F, -absorption (compared to the F band)
in KCl---to a distinct splitting into separated F,(l) and F (2) bands,
polarized | and L to the <100> pair axis in CsCl. Fluorescench behavior
covers a similar wide range: small reduction of the electronic F,, emission
and weak vibrational CN emission only between its lowest v = 1 -0 states
in KCl--in contrast to total electronic emission quenching under appearance
of a cascade of emission-transitions between the 7 lowest CN v-states in
CsCl. These results indicate a strong variation in (e - v) energy transfer
strength between the excited F,, electron and CN ion--from a very weak one
in KCl1 to the strongest one ?n CsCl (with an abrupt jump between hosts of
NaCl and CsCl structure). Besides this not yet understood variation, the
most basic question remains unanswered: How, at what stage, and in what
time-scale of the "optical cle” es the e — v sfe cur?

A powerful technique to approach these questions are Raman measurements, in
which the CN attached F center is used in a two-step way: By pumping with
the same laser beam, one can both populate by (e — v) energy transfer non-
equilibrium CN~ vibrational states, and probe their existence and physical
properties 1.2 by anti-Stokes resonance Raman scattering. Recent first
experiments ’'" with this technique on F,, centers in CsCl, and CsBr, were
restricted _to the narrow spectral region around 2000 cm ~, where the first
harmonic CN stretching modes occur, thus missing significant parts and
important features of the Raman behavior.

As one example from measurements in many hosts of CsCl and NaCl structure,
Fig. 1 shows a survey-picture of our anti-Stokes. resonance Raman results on
FH(CN ) in CsCl, covering the total O — 6400 cm = energy reglon. Obviously
we observe anti-Stokes resonance Raman transitions between CN vibrational
levels in first, second, and even third harmonic, with a relative reduction
factor between successive harmonics as small as ~20. Probably the most
unexpected new result is the observation of a broad and unsymmetric anti-
Stokes band starting abruptly at the first sharp CN vibrational transition
in each harmonic and expanding far beyond all the sharp lines towards the
low energy side. The total intensity of the broad band is in each harmonic
at least one order of magnitude higher than the sum of all sharp CN lines.
Obviously the anti-Stokes Raman process, triggered by resonance excitation
of the coupled F center, occurs (in contrast to vibrational emission) only
to a small fraction in sharp purely CN vibrational Av = 1,2,3 transition
in the different harmonics, while {its major part appears as quasi-
continuous transitions apparently involving rotational and/or phonon states
between the CN vibrational levels.
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Besides different selection rules for ir fluorescence and resonance Raman
transitions, their time-scale is very different: spontaneous CN ir

fluorescence occurs in the msec range, while the average time between
pumping and Raman-probing of each F (CN ) defect is ~0.1 — 1 pusec in our
experiments. This can play important roles in determining the relative
population of different excited v-states of CN with both experiments:
while the "slow" ir fluorescence shows in hosts of the NaCl structure (e.g.
KC1l) only transitions from the v = 1 state, the "quick" Raman-probe shows
(in KCl, RbCl and KBr) occupation of states up to v = 5, with maximum
population at v = 3, Obviously rapid relaxation processes depopulate these
higher states, before slow vibrational emission can occur. In contrast to
this, both ir and Raman data show in CsCl the same v-state population with
a maximum at v = 4, indicating that after e - v transfer all relaxation
processes occur slowly and as a cascade of fluorescence. Additional
measurements of the "upward" Av Raman Stokes-transitions allow us to
determine also the population of the (v=0) ground state relative to the
excited v-states. After the ~usec pump/Raman-probe delay-time we find
almost 100% of the CN still in excited states for CsCl--but only ~25% for
KCl. While in CsCl F, (1) and F,(2) band excitation produces similar (e-v)
transfer effects both En ir and "Raman, excitation variation across the
inhomogeneously broadened F,, band in KCl show that the e-v transfer
efficiency (measured in Raman and ir emission strength) is much stronger on
the low energy side of the band, showing the existence of unresolved but
differently directed and (e-v) coupled 2p states in this system.

Our attempts to interpret these extended results consistently in a model
leave basic questions still open as a challenge for further experimental
and theoretical approaches.

*Supported by NSF grant DMR 87-06416

tYihong Yang died tragically from a severe disease February 3, 1988.

1) K.T. Tsen, G. Halama, F. Luty, Phys. Rev. 36, 9247 (1987).

2) G. Cachei, H. Stolz, W. von der Osten, F. Luty (paper in this meeting).
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TY OF TWO ¥ (OH ) CENTER CONFIGURATIONS
IN KBr and K

G. Baldacchini, S. Botti, U.M. Grassano
ENEA CRE Frascati-00044 Frascati (Italy)

and

*
Laercio Gomes and Fritz Luty

Physics Department,
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and magneto-optical (MCD) studies of F (OH ) centers in KBr (using
the saime technique as in the previous paper) le
interesting bistability for this defect pair.

to the discovery of an
After optical association of
F centers with OH defects, the F,(OH ) pairs
show at 1.9 K an absorption band ?peak at 588
nm) and a related MCD spectrum as shown under
"I" in Fig. 1. Weak optical irradiation at
~580 nm converts these spectra into red-
shifted and broadened absorption- and MCD-
spectra marked "II". As indicated in Fig. 1
optical irradiation at 630 nm reconverts the
spectra II back into the spectra I. This bi-
directional conversion of high quantum-
efficiency obviously creates two different
configurations I and II of the F center/OH
essentially the
and high thermal
(The partial overlap
of their absorptions prevents total optical
conversion and exact measurement of the

spin-orbit parameter

' "pure” FH[I] and FH[II] center spectra).

The question for the thermal development of
addressed in Fig. 2,
showing the measured F, absorption peak
position--compared to the F band peak--in KBr
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F,, center in the blue-shifted state I, the peak position follows exactly
the cooling curve. However, if started from the red F {I1) state, thermal
conversion from 1I to I occurs in the narrow range B (7 - 10 K), so that
under further heating above 10K the same Emax(T) behavior is obtained as
under cooling.

A tentative interpretation is (A) (B) Fig. 3 (g
illustrated in Fig. 3 wusing a Bi-directional  Uni-directional ® Therma!
simple box-potential model with hognccl Thermai Equilibrium
unequal energies E(I) < E(II) yonverﬁon Conversion in

for the two configurations, T-dependent
remaining unchanged up to ~10K. Potentic

In range "A" (T < 7K) the energy
barrier height AE from well II !
is AE > kT such that no thermal

exchange but bi-directional =
optical conversion can take H 1
place. For T > 7 K (range B)

AE = kT and uni-directional I I
thermal II - I conversion into
the deeper well occurs. Above
10K it is reasonable that temperature effects (e.g. lattice expansion)
star- to produce changes in the unequal well potential. We assume that the
10K situation E(I) < E(II) with thermal equilibrium n(I) > n(Il) changes
gradually under temperature increase into the opposite one, such that n(II)
> n(I) is obtained at ~150K and for even higher temperature (range D)
essentially only the configuration II is occupied. This is supported by
the fact that for T > 150K the "normal F-center-type" E (T) behavior is
observed; extrapolation of this normal T-dependence (1ower pointed curve in
Fig. 2) through range C leads at low temperature into the optically
produced stable F, [II] configuration. Similarly a thermal persistance of
the pure F_ {I] systém when heating from low temperature into range C could
lead to the upper dotted line extrapolation in Fig. 2.

T= 0-7K ~ 7-10K 10 - 150K

An important question remains open so far: what 1is the microscopic
structure of the two F/OH pair configurations I and II? The fact that
their low temperature absorptions 1lie blue- or red-shifted nearly
symmetrically (by * 0.045 eV) from the F band, suggest in a simple Ivey law
picture a contraction or expansion of the effective vacancy volume by about
+ 3% due to two different arrangements of the neighboring OH molecule.
Tentative models, involving various positional shifts, dipole orientations
or lattice site changes of the OH defect relative to the F center will be
discussed. Any model must account for the fact that I « II exchange occurs
with small thermal activation above 7 K without light excitation, i.e. in
the electronic ground state of the defect pair. Conclusive evidence about
the microscopic structure of the two configurations are expected to be
obtained from optically detected ENDOR studies. Results applying this
powerful technique are reported in a separate paper on this meeting!.

It should be mentioned at least, that we obtained similar results about
bistability of two FH(OH ) configuracions in KI:0OH . Details about this
system will be reported.

*Supported by NSF grant DMR 87-06416
(1) M. Jordan, H. Sathe, J.M. Spaeth and F. Lity (see abstract in
Proceedings of this Conference).
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MICROSCOPIC STRUCTURE AND BISTABILITY OF F, - CENTRES
IN ALKALI HALIDES

*
M. Jordan, H. Sothe, J.-M. Spaeth and F. Lty
University of Paderborn, Fachbereich Physik, Warburger Str. 100 A, 4790 Paderborn, FRG
'Physics Department, University of Utah, Salt Lake City, Utah 84112, USA

Fy-centres are formed by associating F-centres to defect anions or defect molecules
in alkali halides. Especially the F(OH")- and F (CN7)-centres are very interesting in view
of laser activity in the infrared. While an optical pumping of the CN~ vibration via the F-
centre excitation has been observed /1/, the OH™ as dopant only quenches the F-centre

emission /2/.

To determine the structure of these FH—centres, both the FH(OH')- and the
FH(CN')-centres in KCl were investigated by ENDOR. After associating the F -centres to
FH-centres new ENDOR lines appear in the spectrum superimposed to the ENDOR lines of
the remaining F-centres (= 50%). The ESR spectrum does not show any difference after the
Fy-formation.

The Fy(OH")-centre is a F-centre with the OH" defect molecule in a [200]-position
and has tetragonal symmetry. Because of the presence of the OH ™ the nearest K *-neighbours
are split into three types with different superhyperfine interactions. One of them is shifted
from the F-centre towards the OH™ by about 9%. From the temperature dependence of the
shf interactions it could be concluded that both- this distorted K* neighbour and the OH -
vibrate in an anharmonic potential. This result is very similar to that of previous
measurements on the F (F")-centres in KC1 /3,4/.

Contrary to the F (OH")-centre the F(CN")-centre has [110]-symmetry, the CN'-
molecule occupying a nearest neighbour Cl™ vacancy. Because of the nearly equal ion size of
CN™ and CI” the lattice distortion in the neighbourhood of this centre is much smaller. The
ENDOR lines of 13C, in '3CN~ doped crystals, are split into a dublett, due to the different
(111]-orientations of the CN~ defect molecule in the crystal. This splitting and the

superhyperfine interaction itself depend on the temperature and change strongly between

11




30K and 50K. The CN™ molecule is situated such that C is not on the centre position of the
Cl” vacancy /5/.

A novel feature is found for FH(OH')-centres in KBr. They show for temperatures
below 4.2K a bistability. Bv bleaching the FH—absorption band in the high energy part, a
new band at lower energy appears. This bleaching can be reversed reproducibly from the
blue’ band into the ‘red’ one and vice versa . ENDOR measurements were performed by
optical detection using the magnetic circular dichroism ((MCD) of the absorption /6/. The
ENDOR lines of the 2°¢ shell Br neighbours have a lower symmetry in both centres
compared to F-centres and are markedly different from each other. From a preliminary
analysis of the ENDOR angular dependencies it is concluded that the OH™ occupies different
sites in both centres. In the ‘red’ F,(OH )-centre it is on a [200]-position, while in the "blue’

centre it is on a nearest [110]-position. The details of structures are discussed.

KBr

"blue centre"

"red centre"

F - centre

25 30 35 40
Frequency/MHz

Fig. 1 ODENDOR lines of second shell Br™ neighbours, By//[100], T = 1.6K,
Vesg = 24GHz. The spectra were digitally filtered.

/17 Y. Yang and F. Lity, Phys. Rev. Lett. 51, 419 (1983).

/2/ L. Gomes and F. Liity, Phys. Rev. B30, 7194 (1984).

/3/ H. Séthe, P. Studzinski and J.-M. Spaeth, phys. stat. sol. (b) 130, 339 (1985).

/4/ H. Sothe, P. Studzinski and J.-M. Spaeth, Internationa!l conference on DEFECTS IN
INSULATING CRYSTALS; Utah, Sait Lake City (1984)

/5/ M. Jordan, Diplomarbeit Paderborn (1987)

16/ D.M. Hofmann, B.K. Meyer, F. Lohse and J.-M. Spaeth, Phys. Ref. Lett., 53, 1187
(1984)
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1A - 03
SPIN-ORBIT COUPLING OF F,(OH ):CENTERS IN CESIUM HALIDES

V. Dierolf and H.J. Paus
Physikalisches Institut, Universitat Stuttgart, D-7000 Stuttgart W.-Germany
Fritz Luty *

Physics Department, University of Utah, Salt Lake City, Utah USA 84112

F centers with n.n. cationic impurity neighbors in hosts with fec (NaCl)

structure form FA centers of tetragonal C,, symmetry, characterized by
splitting of the F band into two F,(1) and F,(2) absorptions polarized |
and L to the <100> axis of the defect pair.
0.28

been measured by MCD and satisfactorily explained theoretically

The splitting AE never exceeds
eV, and the typical negative and anisotropic spin orbit energies have
1,2

In cesium halides, only n.n.n. anionic defects can produce defect pairs

Ly Symmetry.
interesting FH(CN-) and FH(OH_) defects have shown3 that the presence of a

("FH centers") of the same C Recent investigations on the
n.n.n. OH defect produces an unusually large (~0.7 eV) splitting of the F
band.

very interesting subject for spin orbit investigations of their non-relaxed

These spectral properties make FH(OH_) defects in cesium halides a

excited
test the validity of the

states with MCD techniques; particularly they are model cases to
established theories wunder
extreme splitting. Fig. 1 illustrates for F (OH )
defects in the 3 cesium-halides the FH(I) and FH(2)
spectra; the latter consist of large (derivative-shaped) FH(Z) signals, and

band) .

extension to this

case of very wide

absorption and MCD

very small F, (1) signals (following spectrally the
H gn

H g% ) z Ful2) FiD | 28 S Fitl |
g 1 2, j , 2 L
3 1 [, CsCtow" 3 A\ CaBroH- $ ‘{ %‘ CsJ:OH™
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Taking into account that no preferential alignment of defect orientations
occur, we used two treatments for analysis and interpretation of the MCD
data. The HSS moment method2 allows us to determine the SO parameters s
and Ay from the measured B/T dependence of the FH(I) and FH(Z) band MCD
effecc (Fig. 2). On the other hand, a simple atomic SO model used with
tetragonal crystal field in perturbation theory, yields only one 1isotropic
SO parameter A related directly to the observed splitting of the FH(Z)
band. All these calculated data, obtained from MCD measurements of I-‘H and
F centers (in the same crystal and apparatus), are listed in table I.

At

mev] e F, (OH™)-Center F-Center
"ow Atomic Moment
_5 4 Fu(2)-band Moment Analysis Model Analysis
Ay = —48.0 mev
0 _— T T v A A A A
& [ L

-15 4
meV

—IOW

-5

CsCl| -48.0 meV | —42.8 meV | =99 meV | -43.6 meV

Ful1)=band
A = ~428 mev

o 02 0a 06 08 10 Csl ~57.0 meV | =53.5 meV | -91 mev [ -55.2 meV

tanh(8B/AT)

CsBr| =50.8 meV —47.6 meV |[-100 meV | —48.2 meV

The difference in the A results obtained from the simple atomic model and
the more exact HSS moment analysis suggests that besides spin-orbit
interaction, coupling with lattice vibrations contributes additionally to
the splitting of the FH(Z) band--similar as shown for the F center {n Cs-
halidesa. The SO anisotropy (difference between Au and AL) was well
explained for the FA-centers. This interpretation can be easily
transferred to the case of FH(OH ) defects and yields good agreement with
the measurements if one regards that the influence on SO coupling by an OH

impurity is smaller than that of the replaced host anion (Cl~, Br , I7).

*  Supported by NSF Grant DMR 87-06416

1. H.J. Paus, D.Y. Smith, Intern. Conf. on Defects in Insulating Crystals,
Salt Lake City, pg. 361 (1984).

2. Ch. Henry, St. E. Schnatterly, C.H. Slichter, Phys. Rev. 137(2),
A 583 (1965).

3. M. Krantz and F. Luty, Phys. Rev. B37, May 15 edit .(1988).
P.R. Moran, Phys. Rev. 137(3) A 1016 (1965).
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MAGNETO-OPTICAL PROPERTIES OF Fz’ CENTERS IN KCL CRYSTAL

D.A. Donatti and M.A. Aegerter,lnstituto de Fisica e Quimica de Sao Car-
los, University of Sao Paulo, Caixa Postal 369, 13560 Siao Carlos, SP (Bra-
sil).

T.lida, Department of Physics, Osaka City University,558 O0SAKA  (Japan)

. . . + L
The formation and the optical properties of F center in 1ionic crystals,

2
an electron bound to the double well potential of two [110 ]  nearest

(1)

neighbors anionic vacancies,have been studied by Aegerter et al The

presence of other active defects such as F, F and F, centers had always

2
impeded further optical studies. A process developed by Gellermann etal(2;”

for KCL : SH or OH give the possibility to obtain systems of pure FZ+

centers allowing for the first time a complete study of the magneto-
optical properties of these prototype Hz+ like molecular-ion.

The Magnetic Circular Dichroism (MCD) has been studied between 1,5 and
300K and for field up to ST(A’S). In absorption the MCD has been only
observed in the 1s 0 ~ 2 p 7 and lsg —+ 2p 7 transitions at 493 and

g yu g x u
509 nm respectively. No dichroism has been observed in the infra-red tran-
L. . L * * *

sition ls<2 + 2p Oy at 1,4 um and in both emissions 2p0u -+ 1§% and 2P“u g

4

* 2. . . - . . .
1s Oy within our detection limit (2.10 '). In the configuration shown in

figure 1 we found that only the defects lying in the directions 3,4,5 and

6 present a MCD. [oo|]
Fig.l - Scheme of the position, H 5 T
direction of light and field n e T
1)
and representation of the { !
electrical dipole transition ,x* T‘ == omﬂ ,,*'“““-"
I’ vd

of Fz’ centers in a typical

experiment. EOOJ

The spectral variation of the MCD has been calculated using the pertur-

Z

bation theory at first order with a hamiltonian including a spin-orbit
interaction in the 2pm, levels and molecular orbital wave functions ob-
tained as a linear combination of atomic orbital of the 1s and 2p type.
Figure 2 shows a comparison of the experimental and theoretical results

obtained for a spin orbit coupling £;= 3,6 meV.
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Fig. 2 - Experimental and
theoretical DCM  spectra
of the ls crg + 2p m, tran-
sition. T=4.2K , H=1.97T,
[,=3.6mev

2

2,3 24 25 26 27
Energy (eV)

The Fz+ ground state EPR has been detected optically (X-band). Only one
band has been observed with H || EIOOJand [llOJ giving an isotropic g=1.965
+ 0.007 and a half width of 80 + 5 Gauss. The spin-lattice relaxation time

measured at 3.2KG was found to obey a direct process T1 L 4,3 . ].0_Z cotgh
(gBH/2kT) for 3 < T < 11K.
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ON SPECTRORADIOMETRIC STUDY OF KC1 CRYSTALS
DURING ELECTROLYTIC COLOURATION

P. Raerinne and P. Ketolainen

Vaisald Laboratory, Department of Physics, University of Joensuu,
P.0. Box 111, SF-80191 Joensuu, Finland

Electrolytic colouration is one of the methods to produce colour
centres into alkali halide crystals. Although the method is known
from the 19308, no spectroscopic studies simultaneocusly with the

colouration process has been carried out. The process is, especially
at higher temperatures, so quick that one can not use conventional
spectrographic methods to record the absorption spectrum of the
coloured crystal. Nowadays high-~speed scanning spectroradiometers
offer an excellent tool for this purpose. Based to a photodiode array
and containing no moving gratings or mirrors they can measure the

whole spectrum simultaneously within few seconds.

‘We have used a spectroradiometer to record and store spectra of
undoped KCl crystals during the electrolytic colouration at different
temperatures. Measurements were carried out by projecting an enlarged
picture of the crystal onto a transparent screen and focusing the
optical head of the spectroradiometer to the back side of the screen.
The spectrum of the light going through the crystal before and during
the colouration was measured and stored by the radiometer. The
absorption spectrum of the crystal was then computed and different
absorption bands separated using a microcomputer connected with the

radiometer.

When the colour cloud begins to spread into the crystal, it
contains at first only F-centres, but soon new absorption bands
appear on both sides of the original F-band. These bands shift

farther from the F-band during the colouration process and so the
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colour becomes darker, although the maximum absorption does not
increase remarkably. The noticeable broadening of the spectrum begins
between the temperatures 500 C and 550 C. We explain this phenomenon
to be related with the thermal dissociation of F-centres, when F-
centre electrons have enough energy to shift directly into the

conduction band.

We conclude that the long wavelength band is of colloidal origin.
During the colouration F-centres coagulate, loose their electrons to
potassium 1ions and alkali metal colloids are formed. The shifting of
the band towards longer wavelengths means that the size of the
colleidal particles increases. In the so called third stage of the
electrolytic colouration, when colour seems to saturate there exists

a dynamic equilibrium between F-centres and colloidal centres.

Switching off the electric field has no effect on the spectrum.
When the electric field is reversed, the colour cloud moves towards
the cathode without any change in the spectrum and so colloidal and F-
centres migrate together in the electric field. Because colloidal
centres are electrically neutral, they must be destroyed by loosing
electrons, which are then captured by the anion vacancies, and new F-
centres are generated. The speed of this process determines the speed

of F-centre migration.

The experimental set-up was similar to those used generally for
studying F-centre migration. The role of the light used to project
the picture of the crystal may be significant to create colloids,
because an effective light is indispensable to keep the measuring

times as short as possible.
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AGGREGATION PROCESSES OF Pb * IN IONIC CRYSTALS

#
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S.Benci, A.Chiari and F.Fermi

+
Istituto di Scienze Fisiche -~ Univ. degli Studi di Parma

+4
Dipartimento di Fisica - Univ. degli Studi di Parma
M
Unitd di Parma, Centro Interuniversitario di Struttura della Materia
del Ministero della Pubblica Istruzione - 43100 Parma, Italy and
Gruppo Nazionale di Struttura della Materia del C.N.R. - 43100 Parma
Italy

Luminescence polarization measurements has been performed on KCl and NaCl
crystals doped with sz+ in order to obtain direct informations on the
symmetry of pp2+ aggregate centers and to follow and to clarify the steps
of the aggregation processes of impurities in ionic crystals. The experi-
mental approach has been carried out by means of luminescence polariza-
tion of samples with different concentrations of impurities aged at high
temperature for different times. The theoretical analysis of the aggrega-
tion processes has been performed by means of the calculated results of
Bannon et al. (1) while the calculations on the polarization experimental
results, in order to reclize the symmetry of the emitting centers, have
been carried out following the Feofilov's theory {(2).

" ¢ polarization spectra of NaCl:Pb2* and KCl:Pb?* have been measured at
80 K and 300 K. The samples were gquenched for 500°C to RT in order to ob-
tain samples with homogeneously dispersed impurities before the annealing
procedure.

The KCI:Pb2+ samples, doped with lead concentration ranging from 17 1o 47
ppm, were annealed at 215°C to obtain aggregates with increasing size and
complexity, while the NaCl:Pb2+ samples were anhealed at 300 K.

The absorption spectra cf KCL:Pb2+ crystals show two absorption bands at
A =264 nm and A=280 nm, that grow during the isothermal annealings. The
emission spectra for excitation in the range ).f264 nm - X =285 nm of
samples with different thermal treatments show a large emission band
(AE= 0.6 eV) that shifts to low energies for Xexc = 285 nm.

The polarization spectra at & = 0° and & = 45° ( X is the azimuthal angle!
for the emission at 580 nm show low polarization degree for all the sam-
ples and for different annealing times, assuming significant values orly
for -Xexc> 280 nm. These polarization results do not allow to resolve the
symmetries of the emitting centers.
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The analysis of the aggregation processes, performed following the Bannon
et al. calculations (1), explains the low polarization degree found for
the emitting levels involved in th- .minescence processes. The possible
aggregates expected in our samples have symmetry axes and planes coinci-
dent with those of the lattice and the emissions are due tc a set of tran
sitions with a quasi-cub’~ symmetry giving, as a whole, low values of the
luminescence polarization degree, as experimentally found. So, the theore
tical and experimental picture for sz* in KCl crystals can account for
the first aggregation steps of I.V. dipoles and the Suzuki phase forma-
tion. As stressed before in KC1:Phe+ samples annealed at 215°C, the pola-
rization measurements do not supply useful information about the symmetry
of the dipolar complexes, however, the agreement between theoretical and
experimental approaches has been a stimulus to further work on other crys
tals. We have undertaken the analysis of the experimental results obtai-
ned for NaCl:sz*, that give clear information about the symmetries of
the pp+ emitting centers (3). The a nalysis of the aggregation procescses
fcllowing the quoted work of Bannon et al. (1) is in progress.

1) N.M.Bannon, J.Corish and P.M.Jacobs, Phil.Mag. A51, 797 (1985).

2) P.P.Feofilov, The Physical Basis of Polarized Emission, Consultants
Bureau, New York (1961).

3) S.Benci, F.Fermi and R.Reverberi, Phys.stat.sol.(b) 109, 543 (1982).
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RESONANCE FLUORESCENCE OF NONMETALLIC SILVER CLUSTERS
IN SILVER HALIDES

E. Schreiber, H. Stolz and W. von der Osten
Fachbereich Physik, Universitiat-GH, 4790 Paderborn, FRG

In the silver halides AgCl and AgBr, elemental silver in different form
and stages of aggregation is known to exist. In irradiated small emulsion
grains it can occur as latent-image specks consisting of a small number of
silver atoms. For larger single crystals, depending on the temperature, it
has been suggested that under light irradiation aggregates of different size
may be produced leading finally, at sufficiently high intensities, to the
formation of photolytic silver C[11.

10 In AgCl and AgBr single
- crystals at low temperatures,
I Es we recently have discovered
‘ resonance fluorescence (RF)
f 0S| 325 with substantial intensity

that we attribute to nonmetal-

Fig.1
AgCl; T=1.8K

I/au

lic silver clusters embedded

in the crystalline matrix [2].

i i i A

250 260 270 280 290 300 This fluorescence is sample
E /e —o dependent and originates from

radiative deexcitation of dis-
crete electronic states of the clusters which, due to their small concentra-
tion, do not give rise to measurable absorption. The RF occurs at excita-
tion energies Ej below the indirect absorption edge Eé where no intrinsic
abgsorption is to be expected. Its excitation spectrum with a peak and
structure extends over a broad range of energies (Fig. 1 for AgCl). At Eé
it shows a steep decrease of intensity. Polarized excitation results in a
strong depolarized component Il of RF.

Employing picosecond spectroscopy, we measured decay times of 100 -

500 ps and depolarization times of the order of 30 ps. As displayed in
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Fig. 2 (curve b), the time resolution of our experiments allows to discrimi-
nate Rayleigh scattering that instantanecusly follows the exciting laser

pulse (L) from the delayed RF.

10* Our results are well described in
, Q;j,T:LK terms of an electron-in-a-box
10° ¢ a E =3252eV model by taking into account
energy- and cross-relaxation
107+ between nearly degenerate excited
— cluster states. In particular, a
101% - ® sudden drop in energy-relaxation
/ time at Eé is obtained that
1000 OS {0 parallels th: observed decrease

tins of RF intensitv under cw excita-

tion. This drop in intensity and
relaxation times indicates an additional relaxation mechanism at E; which we
attribute to resonant energy transfer between the electronic states of the
clusters and the lowvest exciton state by dipole-dipole interaction. This
Fiorster-type process, in which excitons are resonantlv created bv the oscil-
lating electric field of the dipole transition, accounts for the observed
energy and temperature dependence and enables us to estimate an average
sample dependent cluster size of about 10 ¢ diameter.

Our interpretation gets strong support by results in differentlyv treated
crystals. For instance, by annealing in halogen atmosphere the emitted
intensity is considerably reduced while the decay times increase
(Fig. 2, a»b), which nicely corresponds to the expected reduction ia size
and number of silver clusters. Presently, spectral holeburning experiments
are attempted to reveal the inhomogeneous broadening of the spectra caused
by the distribution in cluster size and to give further support to our

interpretation.

{11 R.S. Eachus in: The Physics of Latent Image Formation in Silver
Halides, World Scient. 1984, p.249 and ref. therein

{23 E. Schreiber, H. Stolz and W. von der Osten
Solid State Commun. 62, 27 (1987)
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ELECTRICAL RELAXATION IN SODIUM BETA" ALUMINA AND
BETA” ALUMINA CONTAINING RARE EARTH IONS¥*

M. C. Wintersgill and J. J. Fontanella
Physics Department
U.S. Naval Academy
Annapolis, MD 21402-5026

B. Dunn and D. L. Yang
Department of Material Science
University of California, Los Angeles
Los Angeles, CA 20024

C. G. Andeen
Physics Department
Case Western Reserve University
Cleveland, OH 44106

The lanthanide beta" aluminas represent a new class of optically
interesting materials. Materials containing neodymium and sodium, for
example, exhibit rather high values of optical gain, and laser action at
1.06 micro-m has been observed in small platelet crystals.(1) These
compositions possess two intriguing properties; anomalously strong
absorption at 580 nm and a fluorescence lifetime which is substantially
larger than that of neodymium in YAG.

In order to probe the structure of these materials, complex impedance
studies have been carried out over the temperature range 0.01-380K both
parallel and perpendicular to the optic axis for both sodium beta" alumina
and sodium beta" alumina containing various amounts of rare earth ions.

At very low temperatures, dielectric loss in sodium beta" alumina is found
which is analogous to the tunneling system known to exist in sodium beta
alumina. The influence of rare earth ions on the two-level tunneling
system is described.

At intermediate temperatures, various relaxations are found. The
influence of thermal treatmeit along with the effect of rare earth ions on
these relaxations is given.

1. M, Jansen, A, Alfrey, 0. M. Stafsudd, B. Dunn, D. L. Yang, and G. C.
Farrington, Optics Letters, 9, 119 (1984).

*This work was supported in part by the Office of Naval RQesearch.
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ION MASS EFFECTS IN ION-IMPLANTED LiF

*
A.T. Davidsono, J.D. Comins® and T.E. Derry

0Physics Department, University of Zululand, Kwa Dlangezwa
. 3886, South Africa
Department of Physics, University of the Witwatersrand, Johannesburg
. P.0.Wits 2050 South Africa
Wits-CSIR Schonland Research Centre for Nuclear Sciences,
University of the Witwatersrand, Johannesburg, P.0. Wits 2050,
South Africa.

Simulations of the ion-implantation process in LiF have been carried out
using the TRIM-86, Version 2.0 computer programme (1). This follows the
trajectories of individual ions and recoils, including both electronic and
nuclear stopping. Hence range and damage distributions can be determined

and energy loss mechanisms investigated.

Calculations with 100 keV rare gas ions show that the potential
contribution of the displacement damage on the fluorine sublattice, 1i.e
vacancies, to the total F-centre concentration is low and is consistent
with previous observations that direct displacement damage after
ion-implantation is difficult to identify. In contrast with high energy
implantations where the electronic stopping of the incident ions is the
dominant factor throughout the damage profile, the calculations show tha*
for lower energies the ionization loss associated with collision-induced
damage can play a more important role, especially for heavy ions. These:
effects are illustrated in Fig.l for vet and Kr' in LiF.

Comparisons of F-and F_-centre proaduction using different inns at the same

2
dose levels have been carried out. In figure 2 it is seen that when LiF is
implanted with 100keV rare gas ions to a dose of 1016cm_2, the heavier ions

Kr* and xe* are significantly less efficient in producing these defects
than Ne® and Ar’. On the basis of the total ionization loss {incident ions
and recoils) being considerably smaller for the heavier iens (Fig 1) it

would appear that for the rare gas implants the excitonic mechanism of
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defect production can account satisfactorily for these observed ion-mass

effects.

Fig.2 also shows the results for LiF implanted with 100 keV Mg+ ions to a

dose of 101%cm=2.

Comparison with the results for Ne+, an ion of similar
mass shows that Mg+ implantation results in significant enhancements of the
F-and F2-centre concentration. Since this difference does not seem to be
related to the electronic or nuclear stopping power, it is suggested that
secondary reactions such as H-centre stabilization by the implanted

magnesium and an inhibition of vacancy-interstitial recompination are

involved.
Ne* ket
.30
< ~~
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< 20l Cions 2 Fig-1
52 g 30
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S 1ot I3
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0 1 1 0 1
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-
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(1) J.F. Ziegler, J.P. Biersack and U. Littmark: The Stopping and Range
of Ions in Solids, Pergamon, 1985.

28




1B- 05

A ELATIONS AND LATTICE
RELAXATION IN (KBR)).,(KCN)

P. Wochner, E. Burkel and J. Peisl
Sektion Physik der Ludwig-Maximilians-Universitit, D-8000 Miinchen, F.R.G.

During the last decade, enormous experimental and theoretical efforts have been undertaken to
understand the formation and the static and dynamical properties of the orientational glass state
in (KBr), ,(KCN),".But until now there are a lot of questions discussed in controversy like the
nature of the two level systems27or the nature of the mechanisms responsible for the glass forma-
tion®#, all 1acking in detailed information about the local structure and the distorted environment
of the CN dumb-bells.

Therefore we investigated the coherent quasielastic diffuse scattering of thermal neutrons from
(KBr), ,(KCN), single crystals with x=0.07,0.17 and 0.32 8 we proved that the diffuse scatter-
ing in the vicinity of the Bragg-peaks, strongly increasing below the freezing temperature, is
Huang diffuse scattering caused by the lattice distortions around the CN-defects in the KBr ma-
trix. Fig. 1 shows the characteristic feature of the Huang diffuse scattering, a &'2 dependenceof the

symmetric part of this intensity, [ &=
1/2 (AGE)I(-E)), and a & ! behaviour of
the asymmetric part 1_®) = 1/2 (I(+§)- 104
I(-¥)). The quantitative analysis provides a
detailed picture of the relaxation behavi-
our of the displacement field of the CN"de-
fects and their orientational correlations:

{4,2+¢,0) 8K
*lsym

xIas

103' \‘*\’r"x ) ‘e

Atthe lowest temperatures the CN ions are

Intensity (1/ 12 min}

107 g *

frozen preferably in [111] directions. The ]

orientational pair correlation function of
the CN-shows parallel (or antiparallel) a-

10’ — -
lignment. Therefore, the common assump- 10"

tion of a random distribution of the CN or- 127/ 0cu)
Fig.1 Distortion-induced diffuse scattering inten-

ientations in the glassy state of
(KBr),_ (KCN)_ is not justified. With in- sity of (I(Br)().68(l(Cl‘~I)o_32 at 8 K close to (420) in
creasing temperature the orientational cor- the[010] direction, 1, ®) (+) and 1,8 (x)

relations decay ending up in uncorrelated single [111] defects. This behaviour is confirmed by

Fig. 2, where the temperature dependence of the diffuse scattered intensity at (4 2.16 0) normal-
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ized by the intensity due to uncorrelated defects is shown. At temperatures higher than the freez-
ing temperature relaxation time effects of the distortion field due to the rapid reorientation of the
defect are obvious, which result in adecrease of the shear distortions of the defect. They show up

in Fig. 2 in the decrease of the dif-
= o x=032 1

.\ » x =017

s x=0.07 T

fuse intensity below the intensity
of uncorrelated single defects.Due
to the limited lifetime of the distor-
tion field of the mobile defects in
this temperature range, aquasielas-

I1os /1 single Defect

tic broadening of this coherent dif-

Lo S —.——
fuse scattering is observed in con- e
tradiction to the hitherto reported TIK]
measurements. Fig.4 Diffuse scattering intensity at (4 2.16 0) for the

different concentrations, normalized by the intensity
due to randomly correlated defects.

Our picture of the relaxational behaviour of the displacement field of the CN defects and their or-
ientational correlations is in close analogy to the new selfconsistent mode coupling theories of
the glass transition®1%: On approaching the freezing temperature the orientational fluctuations of
the CN molecules slows down, leading to an increase of the shear distortions. Because the inter-
action of the CN dumb-bells is mediated by lattice strains, these shear distortions are coupled via
a certain feedback mechanism to the slowly decaying orientational correlations. Therefore the a-
lignment between the CN ions increases and consequently the shear distortions.
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MODERN DEVELQOPMENTS IN COLOR CENTER LASERS AND LUMINESCENCE
G. Baldacchini
ENEA, Dip. TIB, U.S. Fisica Applicata, P.0. Box 65,
00044 frascati (Rome), Italy

Soon after the first realization of a c.w. tunable laser based
on F,(II) centers /l1/, extensive research has been carried out
in oédet to investigate the potential usefulness of several
types of F aggregate centers in alkali halide crystals as active
laser materials. As a result of this effort it is today
possible, by using different kinds of color centers, to cover
entirely the spectral range between $.8 and 4 um /2/, and also
to have a modest but important laser emission at about S um /3/.

However, almost all the color centers suitable for lasing have
one or more drawbacks which pose troublesome burdens on their
use. The crystal preparation with the right impurity and their
coloration can be difficult, some aggregate centers are stable
only at temperatures well below 0°C, other centers need
auxiliary light pumping and still others deteriorate while
lasing /2,4/. Only the small class of F,(II) and F_{(II) centers
are immune from the previous problems. éhey are eagily produced
and are stable both during laser operation and during room
temperature storage. It is amazing to note tlit they were the
first to be discovered and they are still the best, as far as
the power output is not concerned. However, in spite of their
success as lasing materials and their well known optical cycle,
recent experiments, especially aimed at the study of the
erission properties, have shown new and sometimes unexpected
.esults, which will be summarized in the present work.

It is well known that the F center axis undergoes
reorientational processes under optf%al pumping of appropriate
polarization state and wavelength /S5/. As a consequence the
geometry of the pumping light with respect to the crystal axes
has to be properly choosen, in order to reduce orientational
bleaching in laser operation. However, also the small off-axis
angle of the F,(II) center plays a role in this respect. In
order to measure this parameter we have devised a simple
technique by revealing the luminescence under appropriate
geometrical conditions /6/. Moreover, also the overlapping of
the two PA absorption bands can be determined. Data will be
presented "for KCl:Li and RbCl:Li, while measurements on other
systems are under way.

The luminescence efficiency of the F_(II) centers decreases
rath?5 quic}ly by increasing the cenéers concentration above
~ 10 F/cm”, and this effect is of some consequences for the
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efficiency of laser emission /7,4/. The concentration quenching
is a well known phenomenon in the F center, while it is not so
in F, center. We investigated a few samples of KCl:Li containing
high" concentration of F,(II) centers by using magneto-optical
techniques. The results 3? the experiments, which show an origin
of the gquenching mechanism different from the one found for F
centers /8/, will be discussed together with suggestion for
future investigations.

Luminescence in F,(II) centers in RbCl:Li is well known /S/ and
used in a laser working in the range 2.5-3.65 um /2/. However,
the laser operates at liquid nitrogen temperature as most of the
opiical experiments performed on this system. Recently we have
found that the luminescence peaking at ~ 2.3 um decreases with
temperature, while at the same time a new emission appears at
~ 1.5 um, which is completely dominant at liquid helium
temperature. The experimental evidence <collected up-to-now
strongly supports the idea of the F,(I) center at the origin of
the new emission band. This unexpecéed result will be discussed
within the frame of the more interesting and broad field of the
FA classification in type I and type II center.
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-y C UILDING OR_F.'-LIKE
C C S IN A LIDES

Bing-Kun Yu and Werner Gellermann
Physics Department, University of Utah
Salt Lake City, Utah 84112

We report on the detailed formation kinetics and latest laser results of
F2+ centers attached to a double negatively charged chalcogen ion
(X™= 07,87, Se ) on a neighboring halide lattice site. These systems
have the potential to supply stable color center lasers tunable in the near
IR from -~0.8 to 4pm.1'2 As building blocks of these “(F2+)H centers" we
identified --in OH -contamination-free crystals--

a) a chalcogen-vacancy defect pair, consisting of a double negatively
charged chalcogen ion, X ~, and a charge-compensating <110>
neighboring anion vacancy, O, and

b) an F center.

1f the chalcogen-vacancy defect pair, X -0J, becomes associated with an F

center dﬁring light-induced F center aggregation the laser-active (F2+)H

center is formed along with several other possible chalcogen-vacancy/F

center configurations. So far (F2+)H centers could be produced in high

concentrations in NaCl, KCl, KBr, and RbCl hosts.

For chalcogen-vacancy defect pair production in these hosts we used 02_,

52 or 3Se2 doping impurities and reduced the latter with F centers. The
for this process is x2' +3F -2 [X - 0).

The nearly complete transformation of Oé' impurities into O -0 defects in

the case of KCl can be seen from the UV absorption bands in Fig. la.

For the host NaCl doping with OH impurities is possible as an alternative;

0 ~-0 defects are produced in this case, again by a reducing reaction3 with

F centers, according to OH + 2F -+ [0 -O] + H .

Isolated F centers, needed as [X -O} -aggregation partners for (F2+)H

center formation, are provided by the additive coloration process simply if

they are produced in excess quantities to those needed for the X -D defect

reaction

generation. A related further group of laser-active F2+ like defects with
shifted optical transitions can be produced in which the F2+ center is
attached, besides to a chalcogen ion on a halide lattice site, to an
additional metal impurity on a neighboring alkali lattice site. Using Nat
co-doping impurities we could produce these "(F2+)AH centers" so far in
KCl:Na*:0,” and KBr:Na+:02_'crystals. The center formation is similar to

2
that for (F2+)H center production. It’'s first step is again a reducing
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reaction with F centers. T —

Absorplion S 77K
As seen from the UV sorplion Spectre.

—=~= quenched crystols
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thus making it possible ram) Fig. 1 it Anm)
to  produce, under subsequent F center association, favorable high

concentrations of (F2+)AH -centers.
The current total laser tuning range with (F2+)H and (F2+)AH center laser
systems extends from 1.44 to 2.15 pm using NaCl:OH or NaCl:Oz',

KCl:Na+:02- and KBr:Na+:O£ crystals. The Table lists their main
characteristics:
. - + - + -
Crystal 1! NaCl:0, KCl:Na' :0, KBr:Na :0,
Tuning Range 1.44 - 1.74 1.69 - 2.02 1.98 - 2.15
Peak Output Power 3.6W 750 mW 10 mW
Pump laser Nd:YAG Nd:YAG kcl:T1*

Experiments are in progress to use chalcogen-vacancy defect pairs as
building blocks for the production of new laser-active stable (F2+)

centers in LiF and NaF and (F2+)AH centers in KCl:Li+.

H
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OPTICAL, ODESR, AND ODENDOR INVESTIGATIONS ON Pb*(1) AND RELATED
CENTRES IN ALKALINE EARTH FLUORIDES AND KMgF,

M. Fockele, F. Lohse, J.-M. Spaeth, and R.H. Bartram”

University of Paderborn, Fachbereich Physik, Warburger Str, 100, D 4790 Paderborn, F.R.G.

*Department of Physics and Institute of Materials Sciences, University of Connecticut,
Storrs, CT 06268, US.A.

Because of its favorable lasing properties Tl°(l) centres attracted great interest [1].
These centres consist of a TI? atom with its 6p electron in the crystal field of an anion
vacancy [2,3]. It was shown, that the specific interplay of a large spin-orbit interaction and
crystal field favors the T1° laser action while the analogous Ga® and In® defects do not lase
because of small spin-orbit interaction [4]. Also Pb* has a large spin-orbit interaction. The
analogous Pb*(1) centres in alkaline earth fluoride crystals (Fig.l1) have better thermal
stability compared to alkali halides. There is also no need of charge compensation in these
divalent crystals for the Pb*(1) centre [5). Lead centers in KMgF3 were already shown to be

laser active [6).

Fig. 1 Pb*(1) centre model.

Although the Pb*(I) centres in alkaline earth fluorides were already identified, the
assignment of their optical bands was not clear because of overlapping optical excitation and
emissions bands (Fig.2). We report on new ODESR measurements via the MCPE of the
Pb*(I) emission to separate the bands. The other two observed emission bands are assigned
to a diamagnetic Pb%2) -entre [7] and a Pb dimer centre analogous to the Tl°z(l) dimer
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centre in alkali halides [8). These related lead centres can degrade the efficiency of a Pb*(1)
laser due to overlapping of absorption and emission bands.

ODENDOR iavestigations via MCD confirm the "laser active structure® with an
anion vacancy in the crystal field of the 6p eiectron of Pb* on alkaline earth site (Fig.1).
The superhyperfine parameters of the four nearest neighbor shells are presented and
discussed.

We report also on ODMR measurements on the lasing lead centre in KMng. The

symmetry and the structure model is discussed.
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Fig. 2 Optical emissions of Pb*(1), Pb%2), and Pb dimer centres in
Srl", at 10K. Excitation at 660nm, 1020nm, and 740nm resp.
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SUBPICOSECOND SPECTROSCOPY OF SELF~TRAPPING AND DEFECT FORMATION
IN ALKALI HALIDES

R. T. Williams and G. P. Williams, Jr.
Department of Physics
Wake Forest University
Winston-Salem, NC 27109 USA

Time-resolved spectroscopy with short pulses derived from mode-locked
lasers has provided our earliest available views of the electronic and
ionic relaxations involved in self-trapping of holes and excitons and in
creation of lattice defects in alkali halides. Up to this time, such

1,2
o

investigations in the alkali halides have been done with Nd:YAG r

ruby3-5 lasers having pulse widths of 30 to 40 picoseconds. By careful
deconvolution assuming simple growth functions, rise-time information has
been obtained with estimated delay uncertainties as small as one-tenth of
the laser pulse width, i.e. a few picoseconds. However, when there are
overlapping components and complex evolution of band shapes, there is
information lost due td effective averaging during the pulse. While
processes involving thermal activation have been amenable to detailed
study in the range of tens to hundreds of picoseconds by these methods,z-

many important "prompt" processes are really faster than can be studied

with 30 picosecond pulses.

We.have assembled a short-pulse laser system for the study of defect
formation processes on time scales up to 100 times faster than in previous
studies. The goal is to resolve hole/exciton relaxation and defect form-—
ation on the scale of optical phonon periods, i.e. about 300 femtoseconds.
An actively mode-locked Nd:YAG laser synchronously pumps a dye laser
producing a train of 3 ps pulses. Pulse compression in a fiber/grating
pair compressor can reduce the pulse width to the order of 300 fs. Ampli-
fication provides sufficient ultraviolet energy for excitation of optically
significant numbers of electron-hole pairs and enables generation of a

white~light probe pulse.

Preliminary data obtained in KBr have demonstrated the feasibility of
these experiments. We will report more complete data on hole self-trapping,

exciton self-trapping, and defect formation in a number of alkali halides.
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PICOSECOND RADIATIONLESS DECAY OF EXCITED
ELECTRONIC STATES OF DEFECTS IN KCl AND NaBr

M. Leblans. C. Sierens, W. Joosen, and D. Schoemaker
Physics Department, University of Autwerp (UIA)
Universiteitsplein 1, B-2610 Wilrijk (Antwerp). Belgium

The relaxation behavior of the F-center in NaBr and of the Ga®(1;
and In%(1) defects in KCl is investigated with picosccond (ps) optical pulses, An
experimental set up is used with two synchronously pumped Rhodamine 6G dye
lasers emitting pump and probe pulses of 7 ps duration with frequencies. which
are tuned at resonance with a particular electronic transition of the point defect.
After excitation by the pump, an automatically delayed probe interrogates the
recovery of the population of the ground state. The double-modulation detection
scheme has a sensitivity of 1077 (Ref.1).

In NaBr crystals doped with OH~ we could produce F-centers by x-
irradiation. The low energy region of the F-band was excited at 580 nm in the
pump-probe experiment. At low temperatures, the decay time 7 is too long to be
determined with an optical delay stage providing a maximum retardation of the
probe of 1.6 nanoseconds (ns), however, an upper bound for = of 10 ns is clearly
established. Above 70K the process becomes thermally activated with 7 decreasing
from 1170 ps to 40 ps at 160K. Some typical decay spectra are shown in Fig.1. This
ps relaxation time is believed to characterize the radiationless electronic transition
between the excited p-like state and the ground state of the F-center in NaBr. The
observed relaxation time is very different from the F-center luminescence lifetime
as measured in the near infrared with single photon counting.? Qur data are in
agreement with the estimated decay time by Baldacchini et al. starting from the
temperature dependence of the F-F’ conversion efficiency® and they also support
the Dexter-Klick-Russell rule? as a useful empirical criterion to predict fast non-

radiative relaxation.

The heavy metal impurity defects M%(1) (M = Ga, In, T1) in KCl with
the laser-active type structure were excited in their third optical band. which corre-
sponds to the lowest allowed np-ns transition of the free M? atom. Subnanosecond
rela cation was observed for Ga®(1) and In%(1) with characteristic times of 260 ps
and 90 ps at TK, respectively.® The low temperature T1°(1) decay time is longer
than 1 ns. Analysis of the temperature dependence of the Ga®(1) decay time vields
an activation energy of 60 cin~'. This sinall barrier and the fast deexcitation of the

third excited state cannot be explained within the defect model of a neutral atom
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MY perturbed by an anion vacancy along (100). This relaxation behavior suggests
that in the third excited state, the impurity atom is relaxed more towards the
anion vacancy, ir. comparison with the two lowest electronic states of the defect.
The radiationless decay of Ga®(1) and In%(1) is believed to be promoted by the
low frequency motion of the M® atom, which can be observed in resonant Raman

scattering.>®

1

N

0.8 <

07

0.6

0.5

0.4 4

NORMALIZED GAIN

0.3 o

0.2

0.1 4

TIME DELAY (ns)

Fig.1 Time-resolved gain spectra in x-irradiated NaBr:OH~ showing the ground
state recovery of the F-center at different temperatures, measured with par-
allel polarizations of pump and probe.
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SUBPICOSECOND LATTICE RELAXATION FOLLOWING ULTRAFAST LASER EXCITATION OF
LOCAL CENTERS IN SOLIDS: A COHERENT PHONON DESCRIPTION

G. CONSOLATI, Istituto di Fisica, Politecnico di Milano
Piazza Leonardo da Vinci 32, 20133 Milano and
N. TERZI, Dipartimento di Fisica, Universita di Milano

via Celoria 16, 20133 Milano, Italy.

The short time relaxation process in molecules and crystals, following
excitation with ultrashort laser pulses, reveals fundamental aspects of
the electron and phonon dynamics and of their coupling. The increasing
number of experimental data allows a comparison of the existing theories.

In the present work we refer to recent experiments, where a femtosecond
pulsed laser is used to study how ions relax around color centers in
(1,2) In particular, the transient dynamics of FZ*-

centre in LiF show that the n.n. relaxation time is shorter than the

{2)

insulating crystals.
period of any relevant frequency of the host crystal. This seems to
disagree with the c.c. model. On the other hand, it could corroborate a
recent theory proposing that coherent phonons are generated during the

(3)

very fast excitation process preceeding the relaxation

Here we report on numerical applications of the coherent phonon theory. We
have adopted the following model for the centre. i)The impurity centre,
embedded in a harmonic ionic crystal, undergoes a dipole allowed ultrafast
transition between two electronic levels, whose energy lies in the forbid-
den gap. ii) No other energy level exists in the proximity of the excited
state: the electronic energy transfer does not compete with the phonon
energy relaxation, iii)The change in the electron-phonon (EP) interaction
is linear in the phonon coordinates and short range. iv)The coherent
phonon wavepacket (wp), generated at t=0 by the light absorption, propa-
gates at further times in a harmonic crystal at T=0 (here descrived by
using the breathing shell model). The time-dependent positions of the ions
is identified with the expectation value of the ionic variables on the
evolving cohereat wp at different times.

We do not comment the assumptions i)-iii), as they are usually adopted in
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dealing with the EP coupling in excited color centres. With regard to the
point iv), the non linear EP coupling and the anharmonicity play certainly
an important rolein modifyin the wp during the relaxation process.
However, their effect is probably limited at T=0 and on the time scale of
fractions of picoseconds, here studied, even in the strong EP coupling
limit.

Instead of the experimentally known LiF:FZ*.(Z) we have evaluated at the
moment the time-dependent relaxation around a substitutional impurity. We
have chosen T1+~doped potassium halides, because we know the EP couplings
(included the Jahn-Teller active ones) for A and C-transitions, and the
(4)

around-state perturbed lattice dynamics. The ion relaxation up to the

eighth neighbours has been evaluated at intervals of 10 fs.

Our results can be summarized as follows. The n.n. of the impurity move
towards new relaxed equilibrium positions in a strongly damped oscillatory
way. However, the ions perform at least one complete large oscillation, a
less damped motion than that of the ions sourrcunding the F2+ centre in
LiF. This first short transient ( 100 fs) is followed by aperiodic
oscillations of very small amplitude. The further neighbours are reached
by the phonon wp at delayed times, depending on the wp group velocity and
therefore on the wp initial composition (strenght of the different symme-

try components). Their oscillations are also damped but always of smaller
amplitude than the motion of the n.n., according to a 3-dim propagation

scheme for the ohonon wo,
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GRAIN-BOUNDARY MASS TRANSPORT IN CERAMIC OXIDES
C. MONTY
CNRS, Laboratoire de Physique des Matériaux
1, Place A. Briand, 92190 MEUDON, France

The study of properties related to grain-boundaries (GBs) has been
one of the most active fields of the last ten years in Materials Science.
Important applications of ceramics (thermomechanical ceramics, "electro-
ceramics", ...) led researchers to prepare polycrystalline materials,
sometimes bicrystals, with well controled GB properties to know more about
the characteristics and the role of these extended defects. Some results
are now available in oxides and it is possible to extract some specific
tendencies. We shall focus this review on mass transport properties
(diffusion) in oxide GBS bearing in mind the relations between energy,
segregation, structure and diffusion.

After recalling the phenomenology of GB diffusion, we shall present
some important results obtained using classical techniques, i.e. the
isoconcentration profiles measured using an electron microprobe (EMA) or
the average concentration of a radiotracer as a function of depth using
mechanical sectionning. Beautiful results have been obtained recently
using these methods in Mg0, A1203 and Spinnel bicrystals by OSENBACH and
STUBICAN in Pennstate, USA.Progress in studying GB diffusion in oxides
have been nevertheless essentially related to new techniques able to
determine small penetration profiles : nuclear reactions analysis (NRA),
microsectionning using ion sputtering coupled with radiocactive tracers or
mass spectrometry analysis (SIMS) or Auger electron analysis (AEA). We
shall show results obtained by A. ATKINSON and his staff in Harwell who
studied GB selfdiffusion and GB impurity diffusion in Ni0. We shall
discuss finally some results of GB diffusion in Ni0 we have obtained in
collaboration and recent work in Cu20 in which we have been able to
determine the nature and charge state of the point defects (Oix) involved
in GB oxygen selfdiffusion (F. PERINET, Thése d'Etat, Orsay Sept.1987).

A general discussion of the data available on GB diffusion in oxides
will give ideas on the tendencies observed in these compounds.
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DIPOLE~DEFECT INTERACTION trEtCTS IN Latz:Ce,Mn
5.W.5.McKeever and B.Jassemne.jad, Department of Pnysics,
Ok iahoma State uUniversity, OK 74078-0444, USA.

We present data on the concentration and dipole relaxation
parameters associated with Ce *-F}nt (C,,, symmetry) complexes in Caf,
singiy-doped with Ce and doub!y-doped with Ce and Mn. The data have been
obtained using optical absorption and ionic thermocurrents (ITC). Several
samples were studied in this work , each of differing impurity content.
The impurity levels ranged from 0.0l mol percent to 2.0 mol percent for
Ce, and U.00]1 mo| percent to 2.0 mo! percent for the Mn dopings. (Al
nominal levels adaoed to the meit.)

The 4f-5d transition in the Ce’* ions within the C,,, complexes
qives rise to a prominent absorption bana at ~300 nm and using the known
oscillator strenath for the transition (4.8 x 10”°) one can determine
the concentration of these centers independently from the potltarization
measurements. The ITC signal from the reorientation of the C‘,v dipoles
consists of a singie peak at ~148 K. When analysed using the conventional
monoenergetic model of dipole rotation, the activation enthaipy so-
determined is found to be dependent upon the Ce concentration in a manner
which is not expected from tnis model. These effects manifest themselves
in a broadening of the [TC peak as the Ce level is increased. However,
the broadening can pe successful ly accounted for by adopting a Gaussian
distribution for the activation enthalpy, of mean value Eo and of width
p. Eo was found to be independent of dipole concentration, while p
increased with increasing dipoie concentration. The experimental data are
fitted to the fol iowing equation:

[ ]
J (1) = HDF(Eg, 14,00 T) (h

where F(E ,1,.P,T) is a correction term due to the Gaussian distribution.
Here, T ?s temperature, £ is energy,t, is the dipotle rotation time
constant and J(T) is the normal ITC curve shape that one obtains from the
monoenergetic modet.

The experimental data are consistent with a perturbation of the
dipole retaxation parameters due to interactions between the dipoles and
other defects within the system. However, the strength of the observed
effects is very difficult to expiain using electrostatic dipole-dipoile
interactions only. We believe that significant monopole-dipole
interactions are also present, the monopoles being non-locally-
compensated Ce”* ions in 0,, symmetry. Furthermore, since signficant
clustering of the dipoles into higher-order clusters (of unknown
structure) can be detected in the optical measurements, we suspect that
significant etastic interactions may also be affecting the dipole
relaxation parameters. This may help to explain the rather large dipo!e-
defect interaction lengths catcutated from the data (ie. ~12 lattice
sites).
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Wnen targe interaction effects are noted it is unwise to estimate
the dipole concentration from the [TC data. However, when the intraction
effects are absent (at iow Ce levels) we are able to use the I7C data to
calculate a dipote moment of 3.12 x 10~ Cm for the Cea*’—F;nt comp | exes.

When Mn is adaea to the system we note t. ot both the height of
the [TC peak and the width parameter p decrease as more Mn is added. This
unexpected behavior is a clear indication that the dipole rotation
parameters are very sensitive to the surrounding crystal environment. The
optical absorption curve shows no such decrease due to the partial
shielding of the 4f electrons by the outer shelt electrons causing little
or no change in oscil lator strength. The behavior of the [ITC data can pe
satisfactorily explained by a reduction in tne Ce *-F;nt dipole moment,
Tnis in turn will cause a reduction in the strength of the etlectrostatic
interaction components, namely tne gdipole-aipoie and the dipoie-monopolie
terms. The dipole moment reduction may be a result of the l!attice
relaxation that occurs when Mn substitutes for Ca. The Ca-F aistance in
CaF, is 2.366 A, whereas the Mn-f gistance is 2.265 A,

We concluge that tne aipole relaxtion parameters for Ces"—F‘Tnt
aipoies in Caf, are sensitive functions of tne surrounding crystal
environment. interaction effects (both electrostatic and elastic) can
cause alterations in these parameters which manifest themselves by a
change in tne shape of the ITC curve. Such perturbations of the [TC
signal may therefore be useo as a probe of the lattice defect structure
surrounding the dipoie-.

references
i. W. van Weperen angd H.W. den Hartog, Phys. Rev. B, 18, 2857 (1978}
¢. C. Bucct and R. Fieschi, Phys. Rev. Letts. 12, 16 (1964).
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THE INFLUENCE OF PHASE BOUNDARIES ON THE HALL-MOBILITY OF
PHOTOELECTRONS IN AgBrxll_x-CRYSTALS

B. Finkernagel and F. Granzer
Institut Angewandte Physik, Universitdt D-6000 Frankfurt/Main
Robert-Mayer-Str. 2-4

The advantages of the large, tabular like silver halide
microcrystals, (T-grains), of contemporary high speed photo-
graphic emulsions can be fully utilized only if the diffusion
length of the photoelectrons is adjusted to the diameter of
these grains. In homogeneously composed AgBr-grains the dif-
wp) ™

is about 1 um and thus far below the mean diameter of T-grains,

fusion length L of electrons, given by: L = C . (1

ranging between 3 and 10 um. C is a constant, 1 and up is the
lifetime and the drift mobility of the photoelectrons respecti-
vely, and the exponent x, depending on the specific model

used to calculate L, takes on the values % or %.

One way to increase the length L of the diffusion path of the
photoelectrons is the augmentation of their lifetime 1. This
has already been achieved by replacing the pure AgBr crystals
by AgBr I, .

investigations the recombination of the photogenerated

-mixed crystals. As evidenced by ESR-spectroscopic

electrons and holes is impeded and therefore the lifetime of
the electrons considerably enhanced by the charge separating
fields of the phase boundaries in decomposed AgBerI_x—
crystals. [1]

There remains, however, the question wether the advantageous
influence of phase boundaries on the lifetime « of photoelec-
trons is partly reduced with regard to their drift mobility
p* To get an answer on this question which, evidently, is

of vital interest for the practical photography, we started
measurements of the Hall-mobility - which of course is re-
lated to the drift mobility ! - of photoelectrons in
AqBerI_x—crystals. Sheet crystals with a thickness of 200 .m,
an area of about 2,5 x 1,5 cm2 and with compositions ranging

from o s x ¢ 0,5 were carefully prepared and contacted as
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scetched in Fig. 1. The crystals, being insulators in the dark,
are exposed to the light of an Osram-Uv-Lamp (Ultravitalux)in
order to generate the photoelectrons. With the notations of
Fig. 1 the Hall-mobility vy is given by:
~ Uy = 1

" T0 - b - B
All the measurements were performed in a cryostat at 77 K in
order to freeze in the movement of interstitial silver ions,
thus avoiding photolysis of the crystals.
The results of our Hall-Effekt-measurements performed - in
our opinion for the first time ! - on AgBerI_x—crystals are
shown in Fig. 2, where the Hall-mobility vy is plotted vs.
the composition x of the AgBerI_x—crystals.

*n
fens fvey
1004

Flg- 1 ten Fig, 2

0.3 ©.3 ©.3 0.4 o

From the AgBr/AgI-phase diagram [2] it is known, that the
homogeneous AgBrxll_x—mixed crystals if cooled down below
120° C starts to decompose into a bromine rich phase (NaCl-
structure) and an iodine rich phase (Wurtzit-structure) if
the iodine content exceeds 15 Mol %. Therefore, the drastic
drop of the Hall-mobility at x = 0,15, has to be attributed
to the occurence of phase boundaries in the AgBr I, . -cry-
stals., This result, indicating an unfavourable influence of
phase boundaries on the Hall-mobility - and conseguently also
on the drift mobility and the diffusion length | - of photo-
electrons must be further substantiated by repeating the ex-
periments at different temperatures with an appropriate puls
technique.

(1) F. Granzer, R. Kricsanowits and Th. Miissig: Proc. ICPS
Cologne, 273 (1986)

[2) Y. Xu, R. Kricsanowits, E. Palm and F. Granzer: Proc.
ICPS Cologne, 323 (1986)

52




2B-03

HIGH FREQUENCY IONIC CONDUCTIVITY AND PERMITTIVITY OF Sr, Ce F
MEASURED BY MEANS OF TIME DOMAIN REFLECTOMETRY

P. Dorenbos and H.W. den Hartog
Solid State Physics Laboratory
University of Groningen
1 Melkweg
9718EP Groningen

During the past few years we have studied the ionic conductivity and the
permittivity of single crystals Sr;_Ce,F,,, (107%<x<0.4) extensively by
means of ionic thermocurrents and AC-impedance techniquesl'zA It appears
that the Ce’* ions distribute randomly over the St™* host lattice sites.
This property together with a high mobility of interstitial fluoride ions
in regions of the crystal near ce** impurities is responsible for
percolation type conduction phenomena observed for these crystals.

With the above mentioned techniques, results have been obtained for
frequencies ranging from ~0 to 30kHz. In order to obtain information for
frequencies between 10 MHz and 10 GHz, a time domain reflectometry {TDR)
set—up has been constructed®. The TDR experiments can be performed at
temperatures between 295K and 1300K. Figure 1 shows some characteristic
results obtained for a SrF, crystal doped with 2 mol% CeF;. The
conductivity has been plotted as an Arrhenius plot with the frequency as a

parameter. The frequency dependence of the conductivity can be written as,

o(w) = A(T) ™1

where w is the angular frequency, A(T) a proportionality constant, and the
power n(T) is in the range 0 to 1. This equation is known as the Curie-von
Schweidler law.

Three conductivity regions can be distinguished in figure 1. In region
I, the power n(T) is close to 1 which is known as the universal dielectric
response. In region II, n(T) is in the range 0.5 to 0.9 which is known as
anomalous strong low frequency dispersion. Finally, in region I[II,
n=0 and Arrhenius type DC-ionic conductivity is observed. The conductivity

in region I is attributed to the response of the host lattice, whereas the
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conductivity observed in region II and IIl is caused by hopping of
interstitial fluoride ions. Percolation type conduction phenomena can be
observed for these two regions.

The frequency, the temperature, and the concentration dependence of
the conductivity has recently been explained by percolation theory of

. . . . 5
diffusion in random barrier networks’.

T T T

o | |
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Figure 1. High frequency conductivity of StF;: 2mol% CeF; measured with
time domain reflectometry. Curve 1, 11 MHz; 2, 56 MHz; 3, 222MHz; 4
1.2GHz; 5, 6.1GHz.

)

REFERENCES

{1} P. Dorenbos, S. Vrind, J. Dolfing, HW. den Hartog, Phys. Rev. B35,
5766 (1987).

[2) P. Dorenbos, H.W. den Hartog, R. Kruizinga, S. vrind, Phys. Rev. B35,
5774 (1987).

[3]) P. Dorenbos, HW. den Hartog, J. Phys. E: Scient. Instr., in press.

(4] AXK. Jonscher, Dielectric relaxations in solids (Chelsea Dielectric
Press, London, 1983).

[5] P. Dorenbos, Mechanisms of ionic transport in rare earth doped

alkuline earth fluorides (Thesis University of Groningen, 1988).

54




2B - 04

ELECTRIC-FIELD ASSISTED PROTON DIFFUSION IN LiNbO;

N. Scumiot, K. BeTzLER, M. GRABS, AND S. KAPPRAN

Universitat Osna.briick, Fachbereich Physik, Postfach 4469, D 4500 Osnabriick

Doping profiles generated by proton diffusion in LiNbOj; are investigated by spatially
resolved absorption and second harmonic generation measurements. It is shown that
protons are the only mobile ions under the experimental conditions applied (600 °C,
100 V/cm). Lithium ions do not move under these conditions. The resulting refrac
tive index changes can be correlated directly with the local proton density.

In LiNbO3 volume phase holograms — which are usually not stable against readout — can
be stabilized by thermal fixing [1]. It has been shown that ion migration — mainly that of
protons [2] — plays an important role in this fixing process. Our measurement were performed
to answer two questions:

(1) are besides protons also Li-ions mobile under conditions similar to therma! fixing,

(2) which refractive index change can be correlated with the proton doping?

Both the Li/Nb ratio and proton doping affect the re” active indices in LiINbO3. The variation
of the corresponding phase matching temperature (PMT) can be measured by spatially resolved
second harmonic generation (SRSHG) [38]. Cong:uent LiNbO; samples were doped with protons
by heating them to about 600 °C in humid atmosphere with an applied electric field of about
100 V/cm. A typical PMT profile as measured by spatially resolved second harmonic generation
(SRSHG) is shown in fig. 1 (dashed line). After this field treatment the sample was cut into
two pieces which were annealed at 850 °C in dry atmosphere to equilibrate the sample. Under
these annealing conditions hydrogen will leave the crystal rapidly. Remaining variations of the
PMT should therefore be due to field induced concentration changes of Li-ions. However, after
annealing, both pieces did show the same constant phase matchiag temperature nearly identical
to that of the sample in the as-grown state. This means that the local Li/Nb ratio was not
changed by the above treatments. From this fact it can be concluded that the measured PMT
profile is due to a variation of the proton concentration and that only protons are mobile under
our experimental conditions.

~ as grown
— 2 ----- after el teld treatment -SH—G 1
9 % oo after anneoling
— 6 FE —
a """""""""","_'L-P""T"-"-' ...................................
£ 7T
] S P 1
g |-

s
-%
1 2 3 4 S

Position (mm)

Fig. 1: Spatially resolved measurement of the phase matching temperature in LiNbO3
(full line: as grown, dashed line: after field assisted proton diffusion, dotted line: after
cutting at the vertical dashed lines and annealing the sample).
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To determine the refractive index change induced by protons, SRSHG measurements were com-
bined with spatially resolved absorption measurements (fig. 2). The resulting variation of the
phase matching temperature with the OH absorption is given by

ATpm _ -1

Aa = 0.51 K/cm
From the change in the phase matching temperature the index change can be calculated [4].
Using the absorptions strength of OH in TiQ, (5] the proton content can be derived. The
evaluation yields a proton induced refractive index change of
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Fig. 2: Spatially resolved measurements of phase matching temperature (upper) and
absorption in the OH-stetching vibration line (lower) before (full iine) and after field
doping with protons (dashed line).

This work is supported by the Deutsche Forschungsgemeinschaft (SFB 225 / B1).
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DIELECTRIC RELAXATION AND COMPUIER SIMULATION &7
RUTILE-STRUCTURED MnF., DOPED WITH TRIVALENT

S. Ling® and A.S. Nowick
School of Mines, Columbia University, New York, NY 13027 USA

A.N. Corm=ok
College cf Ceramics, Alfred University, Alfred NY JuGCL, USA
and

C.R.A, Catlow
Department of {h=mistry, University of Keele, Staffs., 475 584, UK

Tne fluorides that hiave the tetragon:l rutile srructure, eA.g.

T e
P

MgF;, Wan and ZnFP, probably constitute the simplest lonic corysta
which have 2 uniaxiial structure, and therefore display anisctropy in
their second-rank tensor proerties (e.g., <diffusion, <Zielectri-
constant and electrical conductivity). Nevertheloss, the nature of tne
dominant  irntrinsic «acfect in  such material 138 nct  beer w2ll
established, both Schottky and anion Frenkel defegts having boen

nl
prop0506.1"

The present experiments involve low-temporature dielworrinc
relaxation measurements on Ers -and YB*—dope: VnFs. Urexpectealy,
dielectric loss peaks were observed at cryogenic temperatures involvirg
very low activation energies, E, For Doth “iopants, 3 prominen’ poax
ts obsery=d for samples oriente parallel to the ~-axis with 5 - 7 1oy,
dotr samples alse show peiks in perpendiculir orientations with & o= 37
meV for Er3‘ and 4€ meV for y3* doping. Suth low E-vzlues are probatly
toc small to be controllecd by lattice migra®.on of & 2efecot. Ritner,
weoexpect that tney are due to yery low synmetry corfigursticons woion

allows a fiip-flop motion involving & low ¥ to nroduce ~ocricntatior,

Tomruter sirulation aticulatieors have om0l vLutownd s
muoh o dlrprove 2 over ey studies @ this sverw, AT S S A
Wwhick emplovod 'ne HAD TLoeore dveiane o ooy A S ourlLs
AICCerint Inter T DAt T s, Dot e e e ey ot
defert over treoarion Fresac Do T rresint Wik Lres e et e
CORSTATEY and rotmee b ot vopie oty T AREC [ .




the previous prediction, with an energy per defect for the anion
Frenkel of only 1.53 eV as against 1.99 eV for Schottky. {(Similar
results apply to MgF2 as well,) It was also shown that the fluorine

interstitial, F adopts a complex structure of the split-interstitial

i
type. This defect 1is found to associate strongly with trivalent
dopants (association energies being 0.80 eV for Y—F.1 and 0.94 eV for
Er-F‘ in MnFZ). Further, this association gives rise to low symmetry
dipolar structures with the necessary off-symmetry configurations to

explain the experimental findings.

Since there is no alternative way to explain these low-temperature
relaxations in terms of impurity association with Mn vacancies, as
would be predicted from a Schottky model, we may conclude that these
experiments serve to establish the natur: or the intrinsic defect in

MnF2 as anion Frenkel.

*WOrk supported in part by the United State Department of Energy.
* Now at: Exxon Research and Engineering Laboratory, Annandale, NJ
08801.
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THERMALLY STIMULATED DEPOLARIZATION STUDIES OF
CLUSTERING IN RARE EARTH DOPED ALKALINE EARTH FLUORIDES

G. E. Matthews, Jr., Pam Steed, and Martha Dameron
Wake Forest University

Winston-Salem, NC 27109

We have used thermally stimulated depolarization (TSD) measurements as
a probe of the nature of clusters of rare earth dopants in alkaline earth
fluorides. There have long been indications of clustering of rare earth
impurities in calcium fluoride containing a few tenths of an atomic per

cent dopant.1 Evidence indicates that the "R__'" relaxation observed in

v
calcium fluoride is associated with a cluster of rare earths, probably a
dimer.z Defect structure calculations predict several possible structures
of small clusters in fluorite crystalsB, but confirmation by experiment is

difficult.

While TSD spectra provide no information regarding the symmetry of a
center, defect-defect interactions broaden TSD peaks. The degree of broad-
ening of ESR lines is quite sensitive to the nature of defect clusters in
the surrounding crystalA. Similarly, broadening of TSD peaks is strongly
affected by the types of clusters presents’ﬁ. Thus, TSD line shapes pro-
vide a probe of the structure of those centers found near the defect whose

relaxation is monitored.

In crystals with small dopant concentrations, each TSD peak is well
described in terms of what would be expected from a simple Arrhenius relax-
ation with a single activation energy. However, at higher concentrations,
interactions among defects become significant. To include the effects of
defect-defect interactions in the theory of TSD relaxations, we assume a
distribution of activation energies for defects of each species. The
width of the distribution of activation energies is determined by a least
squares fit of the TSD peak using an expression for the measured current

that reflects a distribution of activation energies.

The width of the distribution of activation energies does not uniquelv

determine the structure of the surrounding defects. Instead, computer
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simulations of crystals are generated containing plausible combinations of
various defect species randomly placed. Coulombic interaction between
defects is used to calculate the shift in the activation energy of each
dipolar defect. The distribution of activation energies for a defect
species in these simulated crystals is compared against the experimentally
measured distribution. In this manner, many possible defect configurations

can be ruled out.

Our computer model indicates that the degree of broadening of TSD
peaks is strongly affected by the monopole and dipole moments of defects
present. Our measurements of as Can:Gd indicate excellent agreement
between experiment and computer model when the RIV relaxation is assigned
to the "gettered" dimer/. At concentrations up to 0.l mole 7, monomers
and gettered dimers account for most impurities present., However, at a
concentration of 0.5 mole 7, most of the gadolinium present must be assoc-
iated with clusters of more than two dopant ions. Further, we have found
that the width and the shape of the distribution of activation energies

depends on the number and type of defects present.

1. R. Capelletti, E. O. Kuno, G. E. Matthews, Jr., and J. H. Crawford,
Jr., Phys. Status Solidi A47, 617 (1978).
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B25, 6425 (1982).

4. H. W. den Hartog, Phys. Rev. B27, 20 (1983).

5. E. Laredo, M. Puma, N. Suarez, and D. R. Figueroa, Phys. Rev. B23,

3009 (1981).

6. W. Van Weperen, B. P. M. Lenting, E. J. Bijvank, and H. W. den
Hartog, Phys. Rev. Bl6, 2953 (1977).

7. C. G. Andeen, J. J. Fontanella, M. C. Wintersgill, P. J. Welcher,
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J. H. Harding

Theoretical Physics Division,
Harwell Laboratory, Didcot 0X11 ORA, U.K.

Many of the properties of insulating crystals are controlled by defects.
(Over the last twenty years, methods have been developed to calculate the
energies of defect processes and so understand the properties controlled
by them. General purpose codes have been Wwritten to make such calculations
a matter of routine provided a model of the crystal forces is available.
The early calculations were of defects in the bulk. However, the presence
of surfaces, grain boundaries and dislocations has a profound effect on
the defect population. This affects such properties as sintering,
catalysis and heterogeneous reactions. Calculations here are more
difficult because of the low eymmetry of the problem. This is especially
true for dislocations. Two problems must be solved. It is first necessary
to calculate the relaxation of the crystal due to the presence of the
interface. Only when this has been done 1is it possible to consider the

effect of such interfaces on point defects.

IN this lecture, we shall discuss the physics behind the methods used.
paying particular attention to the importance of correctly including the
relaxation and polarisation of the lattice <—aused by the defects. The
importance of ensuring that an adequate model of the crystal forces has
been obtained will also be stressed. Examples will be given to show the

kinds of result that atomistic simulation can give.

In the past, calculations have obtained the internal energy for the defect
in a static lattice. However, it is clear that if comparison is to be made
with experiment, what is required is the enthalpy at finite temperature.
In the past, it has often been assumed that the calculated intermnal energy
may be identified with this quantity. With the advent of methode of
calculating entropies, this assumption may be tested. The calculation of

entropies also permits the direct evaluation of such quantities as defect
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concentrations and hopping rates. Jacobs, in his lecture, discusses the

nethods of calculating entropies in more detail.

The discussion of temperature effects leads on to the question of the
relationship of the methods discussed here to molecular dynamics. In a few
special cases, direct comparisons can be made, but the processes for which
these methods are most useful are too slow for molecular dynamics to

simulate them easily.

Progress in this field has been rapid in the last few years; however there
is still much to do. Examples of where more work is needed are the effect
of temperature on surfaces and interfaces, the effect of high defect
concentrations and obtaining adequate potential models to study complex
materials.




3-L2

0, DEFECTS: THE FIRST SOLID STATE MODEL SYSTEM FOR SUPERFLUORESCENCE

D. SCHMID, L.0. SCHWAN and A. SCHILLER
Physik der kondensierten Materie, Festkorperspektroskopie,
Universitdt Disseldorf, D-4000 Diisseldorf 1, W-Germany

Superfluorescence is the spontaneous collective emission of coherent light
from an ensemble of two-level systems which are initially all in the
excited state. It was predicted in 1954 by Dicke /1/ but is was not ob-
served until 1973 /2/. In this contribution we report on experiments with
0, centers in KC1 and emphasize a number of novel experimental observa-
tions such as multicolor superfluorescence, transverse mode structure and
superfluorescence-brightened laser activity. In order to account for the
observations, Dicke's model had to be expanded and some of its restric-
tions had to be released:

(1) In Dicke's model the two-level atoms are assumed to be indistin-
guishable and to be confined in a volume with linear dimensions small
compared to A, the wavelength of the emitted radiation. In optical experi-
ments this condition is usually not fulfilled. The linear dimensions are
not small compared to A. Most experiments have been performed with thin
pencil-shaped excitation volumes of length 2 >> X and with cross section
A, which is characterized by a Fresnel number F = A/¢X in the order of
unity. We will report on experiments with excitation volumes described by
Fresnel numbers large compared to one. If the exciting pump-pulse is ad-
justed properly, the emitted superfluorescence beam exhibits character-
istic interference patterns indicating that, apart from the temporal co-
herence of the superfluorescence, also spatial coherence builds up via
self-organization in the inverted ensemble. This observation is not due

to unintended laser activity with transverse mode structure. The latter can
be ruled out, since it is possible to observe laser activity and super-
fluorescence simultaneously with spectral and spatial features that are
quite different from each other. We will present results of computer
simulations based on very simple model assumptions, which refl- t the
self-organization to a spatially coherent state of the ensemble very simi-
lar to the state created externally in a distributed feed-back laser.
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(2) Dicke's model does not consider the starting process which initiates
the self-organization of the inverted ensemble to a coherently emitting
entity. This process is a very subtle problem of quantum electronics and
has been treated theoretically by many authors /4/. We will compare the
theoretical results qualitatively to the experimental results obtained on
a pencil-shaped excitation volume /5/. In spite of the fair overall agree-
ment, there is one major discrepancy between theory and experiment. In our
experiments the pulses obtained in forward and backward direction are
strictly correlated (time of origin, polarization, wavelength and co-
herence length). The existing theories, however, predict statistical
fluctuations of these quantities with respect to each other.

{3) The two-level model is an oversimplification even for the simplest
atomic system. Superfluorescence of 0, centers can be observed simulta-
neously at up to four different wavelengths. To explain these observations
the theoretical description had to be expanded to multi-Tevel systems

/6 - 8/. The results of these theories are in qualitative agreement with
the experimental observations,
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THREE-PHOTON SPECTROSCOPY OF EXCITONS AND POLARITONS IN

ALKALI HALIDES

F. Beerwerth, D. Frohlich, and P. Kohler, Institut fiir Physik. Universitit Dortmund.
4600 Dortmund 50, Federal Republic of Germany

Nonlinear optical methods like two-photon absorption (TPA) are widely used to
study electronic parameters in solids. Although the first TPA experiments were
done in alkali halides’, there was much more interest in semiconductors like (uqO‘
and ZnSe’. In these materials pronounced structures are resolved in TPA
experiments. Details of the electronic bandstructure as effective mass parameters
and g values are determined with high accuracy by two-photon magnetooptics . *n
crystals without inversion center as CuCl the polariton structure was studied by
TPA*. In alkali halides the pronounced polariton structure of the lowest S exciton
can not be studied by TPA, because alkali halides have a center of inversion. In
three-photon spectroscopy (TPS), however, transitions to the transverse polariton
(TF) and even the longitudinal exciton (LE) are dipole allowed. Three-photon processes
are expected to be very weak. because they are described by third-order pertubation
theory. We succeeded to measure three-photon spectra of KI and Csl by excitation
spectroscopy’. We have extended these measurements to other alkali halides.
including alkali bromides and NaCl. As an example we show the polariton structure
of Rbl in Fig. 1. The experimental results are described by a two-oscillator dispersion
formula as discussed for KI in Ref.S :

v T T LEm— ” 9 "
s95F 7 . #2 K2 oo E°
— ¢ 2 T fb’ 2 a2 ~7 B n
E B - B2 E
:,;“* TP

We

590} J get for the fit parameters the
. following values: E;1=5.738eV. E;| =5.846eV.
Eyr=647eV, E; =7.28eV. and £, =2.04.

Due to the large oscillator strength of the
1S exciton in alkali halides one gets a
rather large longitudinal transyerse
spllttmg (A 1=108meV) as compared to
CuCl* (A T =54meV) and GaAs®
(A1 1r=008meV). Two resonances on the
upper polariton branch are show in Fig.2.
The high energy resonance corresponds to a
maximum k vector ( k 5, =3k 4,0} where-
as the lower resonance correponds to a min-
imum k vector (k

energy (eV

5851 . LE o 4

575¢ 1 TE

total k vector (m™

=k .
Fig. 1: Resonances on the upper polar- min = Kaye)

iton branch (TP} and on tne longi-
tudinal exciton (LE) as a function of
the total k vector; inset: schematic
diagram of polariton dispersion, indi-
cated square shows region of exper-
imental results.

In high magnetic fields a new very narrow
and very weak resonance is revolved at
lower energy. This line is interpreted as
transition to the paraexciton. From a [,
(jv=3/2})valence band and a T}, (j_=1/2)
conduction band one derives a threefold
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orthoexciton (F=1, I} symmetry} and a fivefold paraexciton (F=2. T3, I}
symmetry). The dipole forbidden paraexciton gets allowed by field induced mixing of
ortho- and paraexcitons. Since the paraexciton is extremely narrow, the splitting can
easily be resolved. From the magnetic field dependence one gets for the g value of
the paraexciton g = 1.33+0.05 (Fig. 3).
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1 T T T 1 M T /‘
" ) 5.7275¢F 242> 4
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OPA and TPS (arb. units)
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energy (eV) magnetic feld (T!
Figure 2 Figure 3

Fig. 2. Three-photon spectra of the lowest exciton structure of Rbl at 4.5 K. One-
photon absorption ( dashed line) from Ref. 7. The inset shows the narrow structure
of the F=2 paraexciton components Mg =12, 1 in a magnetic field of 7T. Note the
enlarged scale of the inset.

Fig. 3: Field-dependent splitting of the F=2 paraexciton. Open squares and closed
squares show the Mg=11 and Mg = $2 components, respectively. Solid lines represent
a least-squares fit with parameters given in the text.

Another interesting parameter is the exchange interaction which can be derived from
the energy values of the paraexciton (E =5.7266eV £0.2meV) and the transverse
exciton (E;1=5.738eVt3meV). We get ﬁ)r A ox=3/2(Ep-Eg)=t17t4rmeV. For
the definition of A ., we refer to Onodera and Toyozawa 8.
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RELAXATION OF SELF-TRAPPED EXCITONS IN ALKALI CHLORIDE CRYSTALS
STUDIED BY TIME DELAYED DOUBLE EXCITATION IN PICOSECOND RANGE

Yoshiro SUZUKI, Hidetoshi ABE and Masamitsu HIRAI
Department of Applied Physics, Fa~ulty of Engineering,
Tohoku University, Aramaki-Aoba, Sendai, 980 JAPAN

The conversion of the self-trapped excitons (STE’s) at 2pg, (or 2p
to the F centers in NaCl, KCl and RbCl crystals has been inves-

tigated in the picosecond range. The crystals were excited first by
a pulsed KrF eximer laser (pulse duration of ~ 20ns) to create STE’s
at the lowest triplet state (lsggz). Then, the crystals were excited
secondarily to excite STE’s from lsgg to 2po, by a pulsed ruby laser
{pulse duration of ~ 40ps) at ~ 100u4s after the tirst excitation.

Figure 1 presents absorption spectra of NaCl at 14K before and

after the second excitation. The lowest dotted curve evidences the
formation of STE’s at 1sggy by the first excitation. By the second
excitation, the STE absorption band (STE in the figure) starts to
decrease, while the F band grows as shown by curves from -25ps to
208ps. In Fig.2 is illustrated the temporal variation of the optical
density at representative photon energies at 2.00eV and 2.77eV in the
STE and F bands. Experimental points {(open circles) for the F band
growth at 2.77eV can be followed by a convolution analysis with as-
suming the stepwise growth. This result makes it clear that the con-
version from the STE at 1sgg to F centers via 2pg, (or 2pm, ) takes
very short period which is out of our time resolution.

Another notable result is the almost complete conversion of STE’s

to F centers as seen by curves at -25ps and 208ps in Fig.l. The
curve at -25ps implies that the first excitation by the KrF laser
produces mostly STE’s at 1sgg. In other wards, STE's at Zpg, (»or 2p

relax down efficiently to 1sgg, but inefficiently to F centers.

Nevertheless, the second excitaticn by the ruby laser to excite STE’'s
from 1sgg to 2pg, (or 2pm,) converts almost completely STE's to F
centers as shown by curves at -25ps and 208ps. Since the conversion
from STE’s at Z2pg, (or 2pm,) to F centers is inefficient, the almost
complete conversion may come from repetition cycles ot excitations
and relaxations between l1sgz and 2pg, ( or Z2pm, ) during the second ex-
citation with the pulse duration of ~ 40ps. By assuming the branch-
ing ratio of kz and kj; for the relaxation of STE from 2ps, {(or 2pm,)
to 1sgg and for the conversion to F centers, the ratio of kj/k: was
deternined to be 1/15. This value was confirmed by observing the
excitation power dependence of the secondarily induced F band height.
Since ki; is ~ 7% of k., the cycle must be repeated by ~ 20 times or
more during ~ 40ps for the complete conversion of STE’s to F centers.

Naturally, ~ 2ps or shorter duration in one cycle is expected.
Thus, the relaxation time for the final process going back to isggy or
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going to F centers from 2pg, (or 2prn,; ) was estimated by distinguishing
it. from the total relaxation tim - obtained by the conventional time-
resolved spectroscopy with single excitation.
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3A-03

RADIATIVE AND NON-RADIATIVE DE-EXCITATION PROCESSES
OF LOCALIZED EXCTTONS IN KCl:Br

Koichiro TANAKA, Hideo KOSAKA, Osamu ARIMOTO*). Ken-ichi KAN'NO
and Yoshio NAKAI
Department of Physics, Kyoto University, Kyoto 606, JAPAN

KCl:Br crystal is a typical system in which several experiments were
made concerned with the Frenkel defect ( FD ) formation from relaxed exci-

tons: Keller and Patten') detected the creation of H-centers as a result of
electrons recombining with ClBr~ hetero—VK centers. The production of F-
centers was confirmed under one-photon and two-photon excitation into the
Br~ absorption band by Maki et al.z) and Itoh et al.3) In the present work,
experiments were made on the luminescence processes due to Br~ localized

excitons, which will be complemental for the FD formation.

Excitation into the absorption band due to an isolated Br~ ion, which
is known to locate at 7.46 eV‘” ( the arrow in the Fig.1 ), does not give
any definite emission band at the temperature from 2 X to 78 K. However,
excitation into the low energy side of Br~ band gives rise to two distinct
emission bands at 3.60 eV and 4.88 eV, as shown in Fig.1. These emission
bands have been also observed by Wakita and Hirai®) under X-ray irradiation.
They assigned tentatively these emission bands to originate from localizad
excitons created at isolated Br™ jons. However, the fact that these emis-
sion bands are both stimulated strongly at the low energy tail of the impu-
rity band suggests that they originate from impurity dimer centers®). More-
over, it was confirmed that their intensities are both proportional to the
square of Br~ contents over two orders of magnitude in the low concentration
region. This gives a clear evidence that both emission bands derive from
bromine dimers. The same situation was confirmed in RbCl:Br crystals.

The initial states responsible for these emission bands have been clari-
fied from their decay characteristics by means of a time-correlated single
photon counting method under the single bunch operation of UVSOR, Okazaki,
JAPAN. The interval of successive SR light pulses was 177.6 ns and an

*) Present address: Department of Physics, Okayama University, Okayama.
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apparent time duration of the exciting light was 550 ps including the time
response of the apparatus. In Fig.2 is shown the decay behavior of the 4.88
eV emission (dots), along with a pulse shape of exciting light at 7.25 eV
(broken curve). By a convolution analysis it was definitely determined that
the emission decay obeys a single exponential function with the time con-
stant 1.2 ns (solid curve). This reveals that the 4.88 eV emission is the
fluorescence from a singlet state. On the other hand, the 3.60 eV emission
should be attributed to the phosphorescence fram a triplet state because its
lifetime is too long ( of the order of us ) to be determined by the present
measurements. On the analogy of m and 0 emission from self-trapped excitons
in pure alkali halides, it is supposed that the 3.60 eV emission originates
from the lowest triplet state and the 4.88 eV emission fram the higher sin-
glet state of the [Brz‘(VK) + e]-relaxed excitons in the matrix of KCl.

It is noteworthy that excitons created at isolated Br~ ions in KCl:Br
and RbCl:Br decay non-radiatively even at LHeT, unlike any other halogen
impurity systems. The FD formation processes mentioned above will be a
possible candidate for the non-radiative decay channel.

EMISSION EXCITATION
2
KC1:Br(1.85m01%) KC1:Br(!.B5moi%)

- LHeT 10 gk, 4.88 eV / LHel
5 N 3
81 [ ' ss
= =
g £
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Fig.1. Pmission (left side) and excitation Fig.2. Decay curve of the
(right side) spectra of KCl:Br. 4.88 eV emission of KCl:Br.

1) F.J.Keller and F.W.Patten: Solid State Commun. 7 (1969), 1603.

2) M.Maki, N.Nagasawa and M.Hirai: Solid State Commun. 17 (1975), 1409.
3) M.Itoh, K.Kan'no and Y.Nakai: Solid State Commun. gg‘?1978), 929.

4) D.Hinks and S.Susman: Phys.stat.sol. (b)52 (1972), K53.

5) S.Wakita and M.Hirai: J. Phys. Soc. Jpn. 24 (1972), 1177.

6) H.Nakagawa, M.Itoh and Y.Nakai: J. Phys. Soc. Jpn. 32 (1972), 1037.
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A THEORETICAL BASIS FOR THE RABIN-KLICK CRITERION
IN TERMS OF OFF-CENTER SELF-TRAPPED EXCITON RELAXATION

* Song, K.S., Department of Physics, Universitv of Ottawa, Ottawa, Canada

* Leung, C.H., Division of Sciences, University of New Brunswick, Saint
John, Canada

# Williams, R.T., Department of Physics, Wake Forest University, Winston-
Salem, NC, U.S.A.

In 1960, Rabin and Klick(l) plotted the X-ray dose per F center
created at 4,2 K in various alkali halides versus a parameter S/D, the
space between adjacent halide 1ions along a <110> row divided by the
diameter of the halogen atom. In crysta's with S/D » 0.45, i.e. KBr, LiF,
KCl and NaF in their study, F center formation proceeds with high
efficiency at low temperature., In crystals with §/D < 0.45, i.e. NaCl, KI
and NaBr in their study, the F center production efficiency at 4.2 X drops
sharply with decreasing S/D, falling to a value for NaBr three orders of
magnitude smaller than for the high efficiency crystals,

Rabin and Klick proposed the S/D parameter as a geometric measure of
space available for insertion of an interstitial halogen atom to form an H
center, It seemed straightforward to suppose that with less space
available to receive the H center, F center formation wonld be strongly
discouraged. This 1is then the geomet{%gal or static rationale for the
Rabin Klick criterion., Later, Townsend has reconfirmed the trend after
adding accumulated data on more alkali halides. However, with quite modest
amounts of thermal energy, i.e. activation energies of order 100 meV, the
crystals with S/D < 0.45 form F centers with high efficiea~v also.
Furthermore, the crystals with S/D » 0.45 have similar thermally activated
stages of F center formation, with roughly the same activation energies, in
addition to the low temperature process. It has thus been suggested that
the thermally-activated process is universal in alkali halides, and that
the group with S/D » 0.45 have an additional temperature-independent
channel. The available space argument of Rabin and Klick should inhibit
thermally-activated defect formation 1in crystals with S/D < 0,45, but it
evidently does not. What seems to be inhibited is only the low-temperature
process, which in any of the current models is driven by at least ! eV of
self-trapped exciton (STE) relaxation energy, and thus should be even less
affected by 'available space' than the thermal activation process.

In this work, we present energy curves representing the potential
surface along which the STE relaxes from “on-center” to "off-center”
configurations. These curves were calculated using a method developed
earlier by us(3). As shown in Figs. | and 2 for KCl and NaCl, the
relaxation is divided among two configuration coordinates. @, is the
odd-parity relaxation of ions surrounding the X core, while tge X, is

artificlally held in the "on-center” V, positiog. Then Q, is the
coordinate representing off-center motion of the X, core toward the n

75




luminescent STE and/or F-H pair. The energy drop associated with
relaxation along 62 is denoted AEl, while the energy drop associlated with
relaxation along Q, is denoted AE,. As described in Ref.(4), the energy
AE, can be transferred to kinetic energy of motion toward larger Qs i.e,
larger F-H separation. According to this mechanism for low-temperature F
center formation, Figs. 1! and 2 show that much more energy {s available In
the "productive” channel AE; in KCl than in NaCl. Similar computation to
be shown f£or othcr alkali halides astahlish gquite generally that the ratic
BE,/(AE| + AE,) increases as S/D increases. The calculated curves also
verify that the barrier against thermal diffusion of the H center away from
the F center site (i.e. thermally activated defect formation) remain quite
small, of the order 100 meV in all the crystals regardless of S/D. Both of
these aspects are in quite good agreement with data. It should be noted
that the H center is a XE occupying a halogen site, and its diffusion along
a <110 > axis proceeds by a sequence of “bond- switching®. The essential
point 1is the way in which ion-sizes (S/D) influence the dynamical
relaxation path of the STE, 1i.e. divisfon of energy between the
"productive™ mode Q,and the "non-productive” mode Q,, rather than simply
the available space in a static lattice to receive the H center.

* Supported by grants from NSERC.
# Supported by NSF grants No. DMR-8600010.
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OPTICAL AND SPIN DEPHASING OF THE PHOSPHORESCENT 02 DEFECT IN
CALCIUM OXIDE

P.A. van Leeuwen and M. Glasbeek
Laboratory for Physical Chemistry, University of Amsterdam,
Nieuwe Achtergracht 127, 1018 WS Amsterdam, The Netherlands

Optical and spin relaxation in the photo-excited phosphorescent
quartet state of the F-O; pair center in solid calcium oxide has been
studied. The defect gives rise to a zero-phonon line (ZPL) emission
peaking at 657 mn [1,2]. The line width of the ZPL has been measured
as a function of temperature. In the range from 4.2 K up to 80 K a
significant broadening and a shift in the position of the no-phonon
line is observed. Fitting of the ZPL shape to a Voigt profile (i.e. a
Lorentzian convoluted with a Gaussian) yielded the temperature dependence
of the homogeneous line width. The applicability of current theories of
optical dephasing in explaining the results is discussed. Deviations from
the predictions of the nonperturbative theory by Hsu and Skinner are
reported. The data are best interpreted on the basis of a simple pertur-
bative theory for pseudo-local phonons with a frequency of 160 cm—l.

2
defect is also studied. Analysis of the kinetics of the phosphorescence

Spin-lattice relaxation in the excited quartet state of the F-0

decay yields the spin-lattice relaxation time (Tl) at zero-field. From

the temperature dependence of T, an Orbach-type spin-lattice relaxation

1
. L . . . -1 .

mechanism is inferred, the activation energy being 60 ¢m ~. In conclusion,

from the above experiments the existence of a number of pseudo-localized

mode states becomes apparent.
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{MoO,4) COMPLEXES IN CaW0O, - RESULTS OF ODMR AND ESR
INVESTIGATIONS

R. Grasser, A, Hofstaetter, A. Scharmann, F. Schon
(1.Phys. Inst. Univ. Giessen, FRG)
and
P.G. Baranov, V.V. Djakonov, N.G. Romanov
(A.F. loffe Phys.-Tech. Institute, Leningrad, USSR)

Due to nearly identical {scheelite) structure of CaMoO4 and CaWO, (MoO,)
groups can easily be incorporated in the latter compound. Doping CaWQ,
with 5x1074 CaMoO, leads to an intense green luminescence in addition to
the usual blue tungstate emission. This extra band was stucdied by CDMR at
1.6 K and 35 GHz. For certain orientations of the magnetic field relative to
the crystal axes (B about perpendicular to a W-O bond and in an O-W-0
plane) we found a resonance signal with a strong angular dependence. The
spectral behaviour of this ODMR line with respect to excitation and emission
coincides well with that of the green luminescence. On the other hand it is -~
beside somewhat differing fine structure parameters - very similar to one of
two ODMR signals we found under the same conditions in pure CaMoO,

The resonance position of these two lines and their angular dependence again
are well described by the data determined by van der Waals 1) for the pho-
to-excited triplet state of CaMoO, in ODMR experiments using 75 GHz.
From that we suppose the green luminescence observed in this doped CaWO,
sample to originate from metastable spin triplets of (MoO, ) complexes, too.
This is supported to some extent by the existence of a partially resolved
structure on the ODMR line in CaWO, : Mo probably due the hyperfine

interaction with the nuclei of the odd molybdenum isotopes.

As a result of either X-irradiation at LNT or vacuum reduction the (MoO4)
groups capture an eiectron and form a (MoO4)3' centre. Due to the molecu-
lar structure of the complex this additional electron is accomodated in an a,
orbital stemming from an e orbital split by the symmetry reduction from Ty
to D,q4 (since the tetrahedra are compressed along the crystallographic c-axis).
This e (and a; ) orbital is made up from molybdenum d- and oxygen

p-functions resulting in a covalent reduction in the g-shift and the hyperfine
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splitting compared to those of a pure d; electron. When studying the (MoO4)3"

?~

centre in a CaWO , crystal enriched with about 10 % '~ & this covalent contri-
bution shows up in an additional ligand hyperfine structure. We evaluated the
170 HFS tensor and from that were able to calculate the electronic and
geometrical structure of this centre in detail. The results to be presented
reveal the regular axial symmetry of the Mo (resp. W) site to be preserved,

even in the reduced sample.

1) W. Barendswaard, J.H. van der Waals; Mol. Phys. 59, no. 2,
p. 337 - 353 (1986)
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CALCULATION OF IONIC MOBILITY IN SILVER HALIDES USING THREE-BODY POTENTIALS
C.R.A. Catlow and F.M. Healy
Department of Chemistry, University of Keele, Staffordshire ST5 5BG,

England
J. Corish
Department of Chemistry, Trinity College, Dublin 2, Ireland
P.W.M. Jacobs
Department of Chemistry, The University of Western Ontario, London N6A 5B7
Canada
M. Leslie
Science and Engineering Research Council, Daresbury Laboratory, Warrington
WA4 4AD, England
and Y. Tan and R.C. Baetzold
Research Laboratories, Eastman Kodak Company, Rochester, New York,
New York 14670, U.S.A.

Previous calculations of defect energies for silver halides using two-
body potentials yielded Frenkel defect energies that accounted quantitat-
ively for the measured temperature dependence of the ionic conductivity and
for silver ion diffusion, but led to results for host anion diffusion that
were toc low by several orders of magnitude (1 - 4). This was shown to be
due to the fact that although the calculated Frenkel defect energies were
in cood agreement with experiment, the Schottky defect energies were far
aigher than values inferred from the known diffusivities of €l in AgCl

and of Br in AgBr (5).

It is shown here that this unsatisfactory feature of the two-body
potentials can be removed by the inclusion of three-body interactions in
either of two forms : a bond-bending model, or the well-known triple
dipole model. The parameters in these potentials were determined by
fitting to the lattice constant, cohesive energy, elastic constants,
dielectric constants, and the frequency of the transverse optic mode. It
is impossible to account for the observed values of the elastic constants
C12 and CAA in the silver halides with two-body potentials but this can be
achieved by introducing three-body terms in either of the above formalisms.

However, the triple-dipole model is to be preferred since defect calcul-
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ations are more stable than with the bond-beuding model.

However, in spite of these substantial improvements, the calculations
of silver ion mobility with the triple-dipole model suffer from the same
deficiency as did the earlier calculations with two-body potentials,
namely that the calculated values are much too large. It is shown that
the quadrupolar deformation of the Ag+ ion at low symmetry sites is a
necessary feature if the low activation energies observed for the Ag+ ion
motion are to be accounted for in the calculations. These simulations
are of the static lattice. TFor the vibrating crystal, calculations cf
phonon dispersion show little improvement ove. results with two-body
potentials, thus emphasizing that the silver ion deformation introducad by
Kleppmann and Bilz (6) and Kleppmann and Weber (7) is also an essential

feature of the vibrating lattice.
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DEFLECTS AND IMPURITY STATES IN TITANATES

K. A. Jackson, S. M. Tomlinson, M. J. Akhtar and C. R. A. Catlow

Department of Chemistry, University of heele, Keele, Staffs. ST5 5BG, UK.

The titanates BaTiOq, SrliCy and PbTiO3 have important applications
as malerials  for semivonductor applications. In  particular, BaTiOg
exhibits the PICR effect, and Pbli0g is the prototype for a range of
electro-optic devices. This paper will present the results of calculations
of the structural and defect properties of these materials, and in the
case of Ba'livg, comparisons will be made with the results of FEXAFS
experiments.

Atomistic simulation techniques for calculating the structural and
defect  properties  of  ionic solids  are well-estabhished[ 11, These
techniques have been applied to the calculation of substitution ecnergies
for a range of dopant cations in BaliOg, including Mn, La and V.
Substitution energies at both Ba- and Ti- sites have been calculated; the
semiconductor  properties  will  be determined by which  site s
preferentially occupied by a given 1on.  FEXAFS experiments can provide
information about the sites occupied by dopant ions, and results of these
experiments are compared with the ralculations.

Potential models have been developed for Srlitg and PbTiuz, and
results of defect and lattice dynamical calculations will be presented for
SrTi03.  Preliminary structural and defect calculations will be presented

for PbTi03.
Keferences
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NON-STOICHIOMETRY IN ALKALINE EARTH EXCESS ALKALINE EARTH TITANATES

A.N. Cormack and K.R. Udayakumar
NYS College of Ceramics
Alfred University
Alfred, Ny 14802 USA

Materials with the perovskite structure, or a derivative thereof, show a
fascinating range of behavior whose origin may be ascribed to the
versatility of this particular crystal structure. The defect chemistry of
these materials, in general, is no exception to this statement. The
diversity of the defect chemistry may be exemplified by the different ways
that the alkaline earth titanates accommodate excess alkaline earth; this
diversity is the topic of the present paper.

A number of detailed experimental studies (1], have shown that each of
BaTiO,, SrTiO, and CaTiO, have quite different ranges of cation
non-stoichiometry. In particular, BaTiO, seems to accommodate very little
excess BaO; SrTiO, has a small range of excess SrO but then forms planar
defects, known as Ruddlesden - Popper layers [2]; the data on CaTio,
appears to be controversial, with different groups finding apparently
conflicting results. By analogy to Ca doped BaTiO,, Han et al [1]
suggested Ca,, defects to account for their change in electrical
conductivity data, although Balachandran and Eror [3] suggested the
formulation of Ruddlesden - Popper layers within this system instead.

In crder to uncover the reasons for this differing behavior in these
related systems and, perhaps, to provide some additional insight into the
CaTiO, problem, we undertook a computer simulation study of the energetics
of defect formation in these alkaline earth titanates. For each compound,
we calculated the defect formation energies and hence were able to obtain
energies of solution. In addition to the point defect behavior, we also
calculated the energetics of Ruddlesden - Popper layer formation, by
considering a homologous series of superlattice phases, the end members of
which are ATiO, and A,TiO,.

We find that for BaTiO,, defect energies prohibit almost any excess BaO
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and that the Ba,TiO, prefers to adopt the K,SO, structure rather than the
KZNiE‘4 structure, so Ruddlesden - Popper layer formation will not occur.
For SrTiO, we find that Sr ., defects will be present for a small amount of
SrO excess, but then Ruddlesden - Popper layers will form. 1In the case of
CaTiO, we find that Ca , defects are highly energetic and are not expected
to be present. However, the formation energy of the Ca,TiO, phase is low
enough to suggest that extended defects, in the from of Ruddlesden -
Popper layers may be formed in this system.

1. Y.H. Han, M.P. Harmer, Y.H. Hu and D.M. Smyth, in: Transport in
Nonstoichiometric Compounds, eds Simkovich and Stubican,
Plenum Press NY, 1984.

2. (a) S.N. Ruddlesden and P. Popper, Acta. Cryst. 10, 538 (1957)
(b) R.J.D. Tilley, J. Solid State Chem. 21, 293, (1977).

3. U. Balachandran and N.G. Eror, Mater. Sci. and Engineering 54, 221
(1982).
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EMBEDDED QUANTUM CLUSTER CALCULATIONS ON DEFECTS IN BINARY
OXIDES

R. W. Grimes(“, C. R. A. Catlow!!) and A. M. Stoneham(?)

(1) Department of Chemistry, University of Keele, Staffs. ST5 3BG, U.k.
{2) Theoretical Physics Division, AERE Harwell, Didcot, Oxon. OX11 OKA,
U.K.

With recent ¢rowth in computer power, it is now possible to perform
accurate calculations of defect energies in insulating solids, using
quantum mechanical cluster methods. This paper will present recent
applications to relatively simple systems, e.g. MgO, and to the much more
complex defect problems posed by fission products in LfOZ.

Restricted Hartree-Fock self-consistent-field calculations on metal
oxide cluster embedded in point-charge arrays were undertaken.
Calculations were performed on both electronic and atomic defects.
Particular attention was given to calculating relative stabilities of
different defect charge states, for example, the comparitive stability of
Xe® and Xet substituted at a uranium site in UOg.

In the calculations, relaxed coordinates are obtaincd from simulation
techniques based on the Mott-Littleton methodology. These can be used
to reduce basis set superposition errors. The simulation method is also
used to provide the relaxation energy associnted with jons outside the
quantum cluster. This has been found to be critical in calculating hole

and electron trapping energies in MgO.
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LATTICE POTENTIAL ENERGY CALCULATIONS OF POTASSIUN CYANIDE-POTASSIUN HALIDE
NIXED CRYSTALS AND RELATION TO ORDER-DISORDER PHASE TRANSITIONS.

P. Bourson, 8. Gorczyca and D. Durand

Centre Lorrain d’Optique et Electronique du Solide
Université de Metz - Supelec - 2, rue E. Belin
57978 Metz Cedex 93 - (France)

Alkali cyanide-alkali halide mixed crystals exhibit order-disorder phase
transitions with various ferroelastically ordered structures under cogoling.
Phase diagrams analysis of (KCN),(KCL),_ ,, (KCN), (KBr),., and (KCN), (KLl), _,
systems shows basically a competition between tuwo ordered phases
(monoclinic and orthorhombic) when the substitutional halide ion X
(X = Ci-, Br-, [I-) gradually replaces the CN- dumbeil 1in the pure KCN
crystal (1).

In this work, we tentatively try to understand this phenomenon by
calculating the lattice energy potential & of the mixed systems, under the

light of a rigid ion shell model.

The lattice potential energy of the pure materials KCN and KX is first
calculated in the cubic phase as a function of temperature, taking into

account short range (SR) and long range (LR) interactions.

At the usual Coulomb (LR) interaction, a three body interaction (TBI) (2)
is added in order to take account of both the large Cauchy discrepancy
(C,s~Cqs) and the softening of C,, elastic constant <close to the order-

disorder phase transition observed in pure KCN (3).

On the other hand, the (SR) interaction potential includes contri-
butions of WVan der Walls dipole-dirole and dipole-quadrupole attractions
and of Hafemeister-Flygare (HF) type overlap repulsions (4). The strength
(b) and the hardness (p) input parameters of the HF repulsion part of the
potential are fitted, as a function of temperature, using the bulk modulus

and the equilibrium anion-cation distance r, of the pure materials.

In a second step the lattice potential energy of the mixed systems is
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calculated according to the general equation

$ = xPeen + U~xIPey

This potential is minimized against r, of the mixture, keeping oycw
and pyx constant, as a function of temperature. The strength parameter (b)
of the mixture, obtained from that procedure, gives the relative ratioc of
the repulsive and attractive parts of the potential energy of the mixed

systems,

All the results will be discussed in terms of dipole-dipole and dipole-
quadrupole Van der Walls interactions as a function of type and
concentration of substitutional halide, transition temperature and

structures of the ordered phase in the mixed systems.
1) P. Bourson, G. Gorczyca, D. Durand. "Cryst. lLatt. Def. and Pmorph.
Mat.”, 16, 311-317 (198?>

2) R.K. Singh, N. Kumar, G6.B. Varshney. Phys. Stat. Sol. B138,
457-465 (1986)

3) D.W. Hafemeister, W.H. Flygare. J. Chem. Phys. 43, 795 (1965)

4) H. Haussdhl. Solid State Commun., 13, 147-151 (1873)
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PAIRING OF OFF-CENTER DEFECTS IN IONIC CRYSTALS DUE TO VIBRONIC
VAN DER WAALS BINDING: PRECURSOR TO NEW PHASE FORMATION

M. Georgiev and M. Borissov

Institute of Solid State Physics,bulgarian Academy of Sciences
72 Lenin Boulevard, 1784 sofia, Bulgaria
0ff-center defects, such as univalent impurity dipoles, self-
trapped excitons (incipient rrenkel pairs), and small polarons,
have focused considerable experimental and theoretical attenti-
on because of their effect on the electirical, optical, radiati-
on, and glassy behavior of crystals. In particular, cooperati-
ve effects of impurity dipoles give rise to a dipole-glassy
state, while formation of STE biexcitons may play a role under
a high-intensity excitation. A long standing problem relates
to the nature of the binding that holds together off-center
partners to form a dimer, the simplest aggregate.

An off-center configurational instability occurs as a result
of the mixing of two nearly-degenerate different-parity elect-
ronic states |g > and {u> at the defect site by an odd vibra-
tional mode. The original on-center conformation is often cen-
trosymmetric; now, the off-center instability gives rise to an
electric dipole. For any given spatial orientation of the spec-
ies, there usually is an equivalent opposite orientation. Con-
sequently, the average off-center dipole of a species is often
vanishing because of tunneling transitions between equidipolar
sites. Nevertheless, the species is polarizable in an electric
field. We have recently proposed that neighboring entities may
bind through the universal Van der Waals force to form “vibron-
ie molecules“.1

Vibronic off-center polarizabilities X have been derived by
Bersuker et al.2 For a four-site defect type, e.g.

O = (pZ/3kgT) (exp(-8/kyT) + (ky2/6)sinn(6/k,1))/
(exp(-0/kyT) + cosn(é‘/kB'r)) . (1)
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is the magnitude of the off-center dipole moment associated
with any spatial orientation of the speciesl (EJT - the Jahn-
Teller energy, E_ - the energy gap between |g > and |u> ,

while 8 is the zero-field tunneling splitting. Following F.
London's simple arguments, the dimer binding energy is

v, = (§/2)0/x8%)% , (3)
retaining only the dipole-dipole terms in the multipole expan-
sion. Here R 1is the interdefect separation, while k is an
appropriate dielectric constant. Because of (1), eq.(3) pre-
dicts a temperature-dependent Ub . A numerical calculation
reported elsewhere1 for two-site small polarons in supercon-
ducting perovskites is shown in the Figure. It displays a num-
ber of features with far-reaching consequences.

1. M. Borissov and M. Georgiev, Z. Physik (submitted).

2. 1.B. Bersuker, Effekt Yana-Tellera i vibronnie vzaimodeyst-
viya v sovremennoi khimii (Moskva, Nauka, 1987), p. 193.
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A.A Kaplyanskii
foffe Physico-Technical Institute of the Soviet Academy of Sciences -
Leningrad - U.S.S.R.

A review is given of experimental studies of photocurrent in ruby crystals Al;Oj3:
Cr®**, namely of the dependencies on applied electric field, pump light frequency, tem-
perature, Cr concentration and of current studies kinetics.

The principal anomaly consists in the observation with the variation of either electric
field or light frequency of the stationary photocurrent of both posivitive and negative
(against the applied field) sign.

The photocurrent is interpreted as created due to direct charge exchange between the
Cr3* ions and Cr ions in unusual charge state (Cr** or Cr?*) which occurs when Cr®*
is optically excited to the metastable <tate.

The photoelectric anomalies in ruby are discussed in the frame of the general problem
of charge phototransfer in doped insulators.

1) A.A Kapklyanskii, S.A.Pasul, S.P.Feofeelov, J. of Luminesc. 38, 120-124 (1987} and
references quoted there.
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DYNAMICAL PROCESSES ASSOCIATED WITH SELF-TRAPPED EXCITONS
IN INSULATORS: DE-EXCITATION AND DEFECT FORMATION AT HIGHLY
EXCITED STATES

Noriaki Itoh, Katsumi Tanimura and Chihiro Itoh
Department of Physics, Faculty of Science,

Nagoya University,
Furocho, Chikusa, Nagoya 464, Japan

Self-trapped excitons and F-H pairs are isomers. The
lynamical processes associated with the self-trapped ex-
citons are of primary importance in understanding the defect
processes induced by electronic excitation. In this paper
we discuss the conversion from the self-trapped excitons to
F-H pairs from several excited states of the self~-trapped
excitons, electron-excited and hole-excited states of a
sel{-trapped exciton and an exciton perturbed by a selfl-
trapped exciton, in several insulators.

Excitation of the hole of a self-trapped exciton in
CaF2 was found to create an F-H pair at a relatively high
nrobability. Similar experimental results have been ob-
tained for MgF2. We also found generation of stable F-H
pairs quadratic to the density of excitation under excimer-
laser irradiation of RbI and attributed to the F-H pair
generation due to interaction between self-trapped excitons
and free excitons. These results indicate that both the
hole excitation and generation of a free exciton in the
proximity of a self-trapped exciton generates stable F-H

pairs in crystals in which no stable F-H pair is created by
The excited states described above have an energy
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higher than the ionization energy ISTE of a self-trapped
exciton, and hence cannot be reached after a Vk center traps
an electron and probably not in the process of relaxation of
an exeiton. Generation of stable F-H pairs from these
highly excited states may occur under dense-electronic ex-
citation and account for the laser damage and the damage
induced by e¢nergetic heavy ions.

Electron-excited states of a self-trapped exciton and
hole-excited states with energies less than ISTE can be
reached after an electron is trapped by a Vk center or in
the process of exciton relaxation. Thus, even though F-H
pairs are known to be generated by electron excitation of
self-trapped excitons, it is still controversial whether the
branching to an F-H pair occurs after an exciton or (Vk+e)
is relaxed to the lowest excited state or at an exrited
state with an energy less than lSTE' This problem is re-
viewed critically.

Self-trapped excitons ir amorphous SiOQ exhibit
features which are specific to amorphous. The decay is not
exponential and the luminescence peak energy shifts to
higher energy with increasing delay. Generation of inter-
stitial-vacancy pairs are observed in amorphous but not in
crystals. The correlation between the multipie structure of

the self-trapped excitons in amorphous and the defect

generation is also discussed.
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CALCULATION OF THE ENTROPIES OFP POINT DEFECTS IN INSULATING CRYSTALS
P.W.M. Jacobs
Department of Chemistry

The University of Western Ontario
London, Ontario Canada NG6A 5B7

The objective of the computer simulation of an insulating crystal

is generally the calculation of the Gibbs energy of the formation,

migration or clustering of point defects. The determination of the

Gibbs energy change gP for any particular defect process is accomplished

by calculating the energy change uV and entropy change sV at constant

volume (strictly, constant lattice parameter, a) and making use of the
thermodynamic relation gP = £V = uV - TsY, where £V is the Helmholtz

energy change at constant volume and T is the thermodynamic temperature

corresponding to a(T). Thus two separate calculations, for u’V and for

8Y, are required. The calculation of uVv by a simulation of the crystal

in a computer was first achieved in a general and readily applicable

fashion by Notzettl, although the procedures are based on a strategy

developed almost 40 years previously by Mott and Littleton2. The

calculation of sV offers both conceptual and practical difficulties
beyond those involved in the calculation of uY and the development of a

practical code has been achieved only relatively recently (Hatding3).

The calculation of sV involveg three steps, the first two of which are

common to the calculation of uY. (a) A crystal potential must be
developed and tested. (b) The relaxed posgitions of the N ions in a
region (I) around the defect must be found. (C) The normal-mode

vibrational frequencies w; of the N ions in I must be calculated.

Current techniques are limited to the quasiharmonic approximation. The

formulae are simpler in the high-temperature approximation, in which

cage the vibrational entropy change accompanying a specified defect

process is

3N’ 3N
sV = -kg In Tr"’i'/Tr”i ]
=1 =]

+3 kg (N - N)(1 - tn (B/kg T)) (1)
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where the primed and unprimed symbols refer to the final and initial
defect states. Three methods of calculating sV have been developed:
these are the Green-function method"s; the supercell method®; and the
large crystallite method3, Of these the large crystallite method is the
easiest to apply and it is the only method that has been developed so
far into a practical code (SHEOL3). The Green-function method is the
most elegant and gives the best convergence with respect to region size,
but it is somewhat cumbersome and the accuracy of the Green functions
must be assessed carefu11y5. The supercell method suffered initially
from two disadvantages: it requires a computer with a large central
memory and at first it was limited to neutral defects, such as a Frenkel
pair or a Schottky pair. The first problem has been overcome by the
rapid developments in mainframe computers. The second problem, that of
dealing with charged defects, has been solved recently by Leslie and
Gillan?. The only method currently available for routine application is
the large crystallite method3. 1In all three methods spurious terms
arigse from the interaction of the long-range distortion field of the
defect with the rigid boundary to Region I. This interaction leads to
ogcillations in the variation of the entropy of a charged defect with
region size, so that it is necessary to determine and apply a correction

for this effect.

1. M.J. Norgett, AERE Harwell Report 7650, 1974.

2. N.P. Mott and M.J. Littleton, Trans. Paraday Soc., 34, 485 (1938).

3. J.H. Harding, Physica B, 131, 13 (1985).

4. P.W.M. Jacobs, M.A. Nerenberg and J. Govindarajan in Computer
Simulation of Solids, ed. C.R.A. Catlow and W.C. Mackrodt,
Springer-vVerlag, Berlin, 1982.

5. M.J. Gillan and P.W.M. Jacobs, Phys. Rev. B 28, 759 (1983).

6. J.H. Harding and A.M. Stoneham, Phil. Mag. B 42, 705 (1981).

7. M. Leslie and M.J. Gillan, J. Physics C 18, 973 (1985).
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Theory of Dispersed Ionic Conductors

Armin Bunde

1. Institut fir Theoretische Physik, Universitat Hamburg

Jungiusstrasse 9, D-2000 Hamburg 36, W. Germany

Mixtures of solid ionic conductors (e.g. 8 — Agl or Lil) with fine particles of an insu-
lating second phase (e.g. AL O3 or Si0y) can show a marked increase in conductivity
as compared to the pure homogeneons system. The ionie conductivity first increases
strongly with the concentration p of the dispersed insulating phase. After passing
its maximum, the rouductivity drops rapidly and seems to extrapolate to zcro at some
threshold concentration. The discovery of this remarkable phenomenon is due to Liang.!
who observed an enhancement by 3 orders of magnitude in the Li conductivity of Lil
after addition of Al,Qy particles.

It has been shown experimentally for sandwicli arrangements of the Lil — $:0;
systenn,? that the interface conductivity between the two phases is strongly enhanced.
The reason for this enhancenent is not completely understood, it might be due to the
formation of a space charge layver along the internal interface between the two phases.®

In this tatk T want to discuss mainly purely macroscopic aspects of the conductance
properties of such lhicterogencous systems. I want to review a percolation model for
dispersed 1onie conductors which has been recently developed? and which is able to
describe correctly the change of conductivity with insulator concentration and various
other features of dispersed jonic conductors as well: (1) the decrease of the conductivity
enhancement in the Lil — Al O3 when the temperature is increased,® (2) the change of
the activation energy with insulawor concentration p,® (3) the dependence of the ionic
conductivity on the size of the dispersed particles,” and (4) the decrease of conductivity
with p if the ionic conduetor is in its high conducting o — phase.

In the percolation model, dispersed ionie conductors are considered as three com-
ponent systems. The system consists of amatrix of bonds which can be normally con-
ducting (representing the ionie condnetor), nonconducting (representing the interior of
the insulating pavticles) or highly conducting (representing the interface between the
two phases). The bonds are distributed in space according to a random distribution of

msulaiing material in o normally conducting matrix with a highly conducting interface
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in between. A special feature of the model is the existence of two threshold concentra-
tions pl. and p!. Near p, (which is less than 0.1), the conductivity behaves similar as
in random conductor-superconductor mixtures at the critical concentration, while near
Pl (which is above 0.9) the conductivity behaves as in random conductor-insulator net-
works. The combined properties of both networks are essential for the understanding

of dispersed ionic conductors.

1 C. C. Liang, J.Electrochem. Soc. 120, 1289 (1973).

2 J. B. Phipps and D. H. Whitmore, Solid State Ionics 9/10, 123 (1983)

3 T. Jow and J. B. Wagner, Jr., J. Electrochem. Soc. 126, 163 (1979); J. Maier,
Phys. Status Solidi B 123, K89 (1984)

4 A. Bunde, W. Dicterich, and E. Roman, Plys. Rev. Lett. 55, 5 (1985); H. E.
Roman, A. Bunde, and W. Dietericlt, Phys. Rev. B34, 3439 (1986); H. E. Roman
and M. Yussouff, Phys. Rev. B36, 7285 (1987); R. Blender and W. Dieterich, J.
Phys. C 20, 6113 (1987).

5 F. W. Poulsen, N. Hessel Andersen, B. Kinde, and J. Schoonman, Solid State Ionics
9/10,119 (1983); R. Dupree, J. R. Mowells, A. Hooper, and F. W. Poulsen, ibid.
9/10, 131 (1983).

6 Chen Li-Quan, Zhao Zong-Yuan, Wang Chao-Ying, and Li Zi-Rong, Acta Phys.
Sin. 34, 1027 (1985)

7 0. Nakamura and J. B. Goodenough, Solid State Ionics, 7, 119 (1982); M. R.-W.
Chang, K. Shahi, and J. B. Wagner, Jr., J. Electrochem. Soc. 131, 1213 (1984).
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THE EFFECT OF IONIC IMPLANTATION AND ADDITIVE COLOURING
ON THE ELECTRON CENTERS IN RbAg4J5 SUPERIONIC CRYSTALS

S.I.Bredikhin, N.N.Kovaleva, N.V.Lichxzova, 1.Sh.Khasanov
Institute of Solid State Physics USSR Academy of Scien-
ces, Chernogolovka, Mlloscow district, 142432, USSR

Earlier we have studied the low-temporature X -phase lu-
minescence spectra of RbAg4J5 superionic crystals [1]. The lu-
minescence has been shown to be of the center origin and un
energy model of these centers has been proposed.

In the present paper is investigated the effect of dis-
golution of silver films on the RbAg4JS crystals photolumine-
scence (PL) for determining the structure of optically-active
centers and elucidating the mechanisms of silver contact and
solid electrolyte interaction. A VUP-2 installation was used
to depogite a silver film on the cleaved surtace. With the
film thickness of about 1000 £ the surface of the sample acqu-
ired metal glitter. But already in 10-15 hrs the silver [ilm
digsolved completely. It turned out that dissolution of a gil-
ver film brings about some irreversible modificaticms in the
gpectrum of photoluminescence. PFig.1 preseclits photoluminescen-
ce gpectra of a primary

RbAg4J5 gsample (curve 2
1) and of the same samp- RbAg Ig
le when & 1000 & thick Ae=375nm

gilver film has been =SK
digsolved in its volume
(curve 2). It can be
seen that the intensgi-
ties of A phl2=437 nm
and A phlB=455 nm bands
increase. The intensity !

of the A =390 nm //;\\\\\‘ J/U
phl S “amrac—Wh. Lol 1 3 4 1 4

ILARB. UNITS

350 400 450 A, nm
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band diminishes noticeably and in some cases this band vani-
shes. This irreversible modification of a PL gpectrum is as-
sociated with variation in the concentration of different op-
tically-active centexrs in the RbAg4J5 crystals under investi-
gation. Indeed, dissolution of a silver film in the sample
volume causes an excess concentration of interstitial silver
ions in the low-temperature X -phase. The radiation of,ﬁ phlf
=437 nm and }\ph13=455 nm bands can thus be related to the
centers which involve interstitial silver, and the radiation
of a phl1=39o nm is conditioned by the centers with silver
vacancies. These results well agree with the effect of addi-
tive iodine colouring on the structure of the -phase lumi-
negcence centersg of RbAg4J5 crystals, the effect being disco-
vered and described in the present paper. The influence of
ionic implantation on optical characterigtics of RbAg4J5 crys-
tals has been analyzed. Posgitively charged ions of Krt+ and Net
noble gases were implanted on the surface of the samples. With
the radiation dose, Dcz1014—1015 cm_z, and the energy of imp-
lanted ions, E=160-180 keV, the surface of the samples acqui-
red a stable red-orange colour. The absorption spectra of ion-
-implanted RbAg4J5 crystals were studied in the 10-300 K tem-
perature range. At T=10 K the absorption band associated with
colouring centers turned out to have the halfwidth AE~0.88
eV and maximum at BE=2.5 eV. The parameters of this absorption
band are practically independent of temperature and do not
vary under 209 K and 122 K phase transitions. Therefore, co-
louring centers responsible for this absorption band are not
sensitive to the degree of the cation sublattice disordering.
S0, these colouring centers involve defects of the “rigig®
gublattice of a RbAg4J5 crystal.,

1. S.I.Bredikhin, N.N.Kovaleva, N.V.Lichkova, Fiz.Tverd.Tela,
1986, v.28, No.9, p.2813-2818.
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Electron Emission in superionic RbAg4I5
crystals stimulated by phase transitions

S.I.Bredikhin, N.N.Kovaleva, S.Z2.Shmnurek and
A.,B.,Poletaev

Istitute of Solid State Physics, Academy of 3Sciences
of the USSR, Cherunogolovkae USSR

Electron emission is a highly sensitive effect
accompanying various physical processes in crystals. The
main goal of this work was to apply the electron emission
method for the observation of phase transitions and to study
characteristic features of the electron emission as a function
of the temperature and the phase state. Fig.l gives a graphic
representation of the experimental results with the signal
intensity and the temperature plotted as ordinate and the
time scanning as abscissa. From curve 1 - cooling-heating-
one can determine the sample temperature at any instant of
time, and from curve 2 the electron emission intensity
corresponding to this tempereture.

It is seen that the intensive electron emission arises
in the RbAg4I5 crystals at the phase transition T1=2O9K
between the superionic0Ldnd,£)phases, and at the phase
transition T2=122 X

between the‘fé -phase N p
and the non-superionic zw:\\k D)
J -phase- the emission ol i
relaxing slowly with L 2
time. It should be reor

pointed out that ’::i

NJ,

electron emission ¢ 6 8 10 12 1% 16 1B (A0 sec
arises in the absence
of external effects on the sample and it is ounly caused by

temperature variations that is as a result of internal
processed occurrig in the crystals.

The present work deals with various mechauisms of the
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electron emission occurrence at the phase fransitions in
RbAg4 15 superionic crustals. The electron emission relaxing
slowly with time (Q?V2‘102 sec) as a consequence of
superionictﬁ -phase-nonsuperionic l -phase transition is
explained in terms of the model of the vacancy-diffusional
electron emission mechanism [ﬁj.

In order to determine the value of the photoelectron
work function and to study the influeunce of the phase state
on it, we inve.tigated the photoelectron emigsion from the
cleaved suriace of RbAg4I5 crystals. The investigations were
performed within the temperature interval from 300 to 85 K.
Pig.2 illustrates the photoelectron emission intensity vs
the wavelength ol the exciting light at T=300 K. The
investipgations in question indicate that dependence of the

photoeffect inten~

T=300K

sity on the exciting R 4dd
o= f ev

quanta energy near
the red edge of the
photoeffect is

12/5, ARB.UNITS

described in RbAg4I5

| i

|, ARB.UNITS

crystals by the 26 4§ e
power law ' ' !

I=(h\)-ApE)5/2, and
the photoeffect
threshold value

250 T 26'0 T T T T T T

equals A % 4.440eV, J 270 280 290 A, nm
being independent of tne crystals phase state.

1. Von Voss #.D., Brotzen F.R. Je Appi. Phys., 1959,
vol.30, I 11, p.163%-1645,
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SPECTRAL COMPOSITION AND DECAY KINETICS OF UF EMISSION FROM
KCl,_ Br :Pb%" CRYSTALS

K. Poldk, M. Manfredi®, M. Nikl

Institute of Physics CSAV, Na Slovance 2, 180 40 Prague 8, CSSR
%) Istituto di Fisica, Universita degli Studi die Parma, Via delle Scienze,
43020 Fontanini ~ Parma, Italy.

The characteristics of the Pb2+ ultraviolet emission belonging to

(3T1u' 3A1u) -— 1A1 g transition are mainly governed by the relative
strengths of crystal field, spin-orbit interaction and Jahn-Teller effect.

The influence of campensating vacancy leads to a splitting of 3T state

Tu
and the stabilization of some of J-T minima. This is manifested by two cam-
ponent decay of nanosecond UV emission for both KCl and KBr crystals doped

with divalent lead /1, 2/.

We systematically studied the emission properties of mixed KCl_,__xBrx crys-
tals doped with Pb2* for x = 0.05, 0.2, 0.8, 0.95 and at temperatures from
liquid helium to room temperature. The change in the type of ligand from
chlorine to bromine ions causes a stepwise shift both in the position of the
A absorption band /3/ and in the maximum of related emission band. By decom—
posing the cobserved emission bands into Gaussians we determined four main
canponents with pealis and half-widths as follows: SEO = 3.685, 3.585, 3.46

ad-3.415 eV with 41/2 = 0.28, 0.30, 0.24 and 0.26 eV resp. The first and
last pairs of values belong to the pure (PbCl6)4- and (PbBr6)4— centres.

The emission kinetics in the studied spectral range is generally composed bv
fast and slow contributions. The build-in bromine ions in the vicinity of
pb2+
millisecond time range at IHeT. The one of the real decay curves for
KClo_sBrO.Z:PbZ*' crystal is shown in fig. 1. The limit value of TS for
KBr:Pb2* is a¢7 msec.

give rise to the appearance of a slower part in the decay curve for

The fast decay of A band excited luminescence obeys for KCl:Pb2+ the publi-
shed two—exponential behaviour with ‘t'f = 10.3 and 17.1 nsec at IHeT. The
presence of Br ligand in luminescence centres results again in the appearen-

ce of a slower camwponent with the decay time between 30 and 40 nsec.

It is known that the oscillator strength of the A absorption band of Pb%'
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ions is nearly the same for both KCl and KBr crystals (f = 0.11 and 0.12

resp. /4,5/. However, ocur results show that the substitution of a ligand in

the vicinity of sz* ions has a strong influence on their emission characte-

ristics. Therefors. it is plausible to assume that the wavefunctions of

both ground and excited states have remarkable contributions from neigh-

bouring anions.

/1/ J.C. Kang, F. Cusso, T.F. Belliveau and D.J. Simkin, 1985, J.Phys.C:
Sol. St. Phys. 18, 47S53.

/2/ K. Schmitt, V.S. Sivasankar and P.W.M. Jacobs, 1982, J.Lumin. 27, 313.
J.G. Kang, T.F. Belliveau and D.J. Simkin, 1983, Chem.Phys.lett.101,381.

/3/ A. Bohun, V. Piskackova and J. Trnka, 1966, Czech.J.Phys. B16, 898.

/4/ W.A. Sibley, E. Sonder and C.T. Butler, 1964, Phys.Rev. 136, AS537.

/5/ P.R. Collins and W.J. Fredericks, 1986, J.Phys.Chem.Solids 47, 529.
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LUMINESCENCE DECAY TIME OF TI3* IN PHOSPHATE GLASSES
L.E. Baus&, G. Lifante, and J. Garcia-Solé
Departamento de Fisica Aplicada, Universidad Autdnoma de Madrid,
Cantoblanco, 28049 Madrid (Spain)
and
A. Durén
Instituo de Cerdmica y Vidrio, C.S.1.C., Arganda del Rey,
Madrid (Spain)

The interest in studying the optical properties of Ti3* jon
in different kinds of materials stems from the possibility of this
jon as an active laser impurity, as reported for the tunable
solid state lasers Ti3*:A1503 (1) and Ti3*:YAG 2)

The authors have recently reported that Ti3*, in glasses of
composition Pp0g5-Nap0-A1203 , showed a broad emission band centred
at 860 nm when excited at the Tpg— Eg transition of the dl
configuration (3).

in this work, photoluminescence decay time measurements of
this system were obtained as a function of temperature and
impurity concentration (range 0.1% - 2% wt of Ti0p in the meit).

Figure 1.- Decay curves at
different temperatures.
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Figure 2.- Dependence of f on Ti-concentration.

The shape of the decay curves is not exponential for the
different concentrations of the samples investigated in the
temperature range 10 to 300k.

Figure 1 shows, for example, the decay plot observed at
three different temperatures for a 0.5% Ti0p doped sample,
excited at 660 nm with a N pumped dye laser. _

The dependence of the average lifetime, T, on Ti3*
concentration shows a decrease of T of about 70% with increasing
concentration from 0.1% to 2% of Ti0p in the melt. This behaviour
appears to be consistent with concentration quenching of emitted
light.
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TIME RESOLVED STUDY OF SBECONDARY EMISSION IN KI:Sez'
Hiroshi MURATA, Toru KISHIGAMI, and Riso KATO
Department of Physics, Kyoto University

Kyoto 606, Japan

It is known that 02',52‘ and Se,” molecules doped in alkali halides
show the strong ordinary luminescence (OL) with vibronic structures at low

temperature.'! 1In addition to OL, KI:S

scattering and so-called weak "hot

e, shows multiple-order Raman

luminescence (HL)" in the higher
energy region of the 0-0 line of
0L2) as shown in Fig.1. In the
present study the relaxation

INTENSITY {a.u.)

K1:Sep™ 2K  ealasion

W o)

Rmnllm‘l L ! (el o

|

o

process of the optically excited z
2llu state of Se,” in KI is l
investigated by the time-resolved 0%
measurement of the secondary
emission. Fig.1
at 2

Samples were prepared by
heating KI single crystals in the selenium
vapor.3) For the measurement of the time
response in the nanosecond range a tunable
N,-dye laser system and a boxcar
integrator were used. In the picosecond
range, a synchronously pumped dye laser
and a single photon counting system in the
Instrument Center, the Institute for
Molecular Science at Okazaki, were used.
The pulse widths were about 5 nsec and
100 psec, respectively.

Figure 2 shows the temperature
variation of the decay time and time-
integrated intensity of OL. These values
are almost constant up to 50 X and show a
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Fig.2. Temperature dependence of
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similar decrease as temperature rises.
This behavior is interpreted in terms of a
thermally activated non-radiative decay

td) 1.82 ev

Ki:Sep™

process at the relaxed excited state of Se,~ :gu eaission
as described by the equations in Fig.2. By E (e 1.1 ev
the curve fitting analysis, we get AE=53 meV, io
-12 "
=85 nsec, and Tynp=4.3x10 sec. 3
TR ' NR x s (b) 2.03 e¥
In Fig.3 are shown the transient 20
behavior of the emission at about 80 K under § ta) 2.12 eV

the excitation at 546 nm with the picosecond 0

laser. Curves (a) and (b) were observed in laser 12.27 eV)
the higher energy region of OL as indicated Sow o 1000 2000
TINE (psec)

by arrows in Fig.1. These curves consist of
a fast component with the decay time Fig.3. Time responses of the
emission at 80 K observed
T§550 psec and a slow component with ,i the positions shown by
1g=2 nsec. Curves (c) and (d) observed in arrows in Fig.1.
the energy region of OL show a slow OL camponent with Top,*7 nsec and the
fast component. The latter merges into the strong OL in the lower energy
region.

The decay times of the fast components of curves (a)v(d) are the same
within the experimental error. The time resolution of the present
experiment is not so good enough to reveal the details of the vibrational
relaxation of the excited state as in the recent study on 05" in alkali
halides.4) we can say, however, that the fast component is really the hot
luminescence because it is detectable in the higher energy region of OL,
and the vibrational relaxation of the optically excited state proceeds with
the time constant less than 50 psec at 80 K.

The intensity of the slow component with Tg*2 nsec differs fram sample
to sample. 1Its origin is not clear but it may be due to some other
impurities or surface contaminations.

1) M.Ikezawa and J.Rolfe: J.Chem.Phys. 58 (1973) 2024.

2) L.A.Rebane and T.Yu.Khaldre: JETP Lett. 26 (1977) 515.
3) L.E.Vannotti and J.R.Morton: J.Chem.Phys. 47 (1967) 4210.
4) W.H.Knox and K.J.Teegarden: J.Lumines. 31/32 (1984) 39.
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OPTICAL PROPERTIES OF Ho3+ IN KCaF3 CRYSTALS

M. A. Mondragon

Departamento de Fisica, UAM-I P. 0. Box 55-534
Deleg. Iztapalapa, 09340 México, D. F.

J. Garcia M.

Instituto de Fisica, U.N.A.M., P. 0. Box 20-364
Deleg. Alvaro Obregdn, 01000 México, D.F.

W. A. Sibley

Physics Department, Oklahoma State
University, Stillwater, 0K 74078

The optical absorption, emission and excitation spectra are reported
for KCaF3:Ho3+ crystals. The Ho3+
lattice and occupy only one site. The energy level diagram was built

according to the optical data.

ions were found to easily enter this

The measured oscillator strengths for several transitions are compa-
red with the values calculated by the Judd-Ofelt theory. The calculated
radiative rates are also reported and the branching ratios suggest that
a number of laser transitions are possible.

The temperature dependence of the lifetimes revealed that energy

transfer occurs between Ho3+ jons, which are likely to go into the lattice
as pairs.
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OPTICAL STUDIES ON KCaFazMn:Eu, RdeF3:Mn:Eu
AND RbCaF3:Mn:Eu CRYSTALS

J. CGarcifa M.

Instituto de Fisica, U.N.A.M., P. 0. Box 20-364
Deleg. Alvaro Obregén, 01000 México, D. F.

W. A. Sibley

Physics Department, Oklahoma State University
Stillwater, 74078

J. M. Spaeth

Gesamthochsule, Paderborn
4790 Paderborn, Germany.

2+ 3+

and Mn2+ have been investigated for
2+

Optical transitions of Eu”~ , Eu
the fluoroperovskites KCaF3' Mn:Eu, RdeF3'Mn'Eu and RbCaF3'Mn'Eu Eu
is present only in KCaF3 and RbCaF3 although the Tattice parameter 15 qui-
te similar for the Ehree cubic crystals (4.38 A for KCa F3(1) 4.45 A for
RbCaFa(l) and 4.40 A for RdeF3(2)). In these crystals Eu2+ is characte-
rized by two well resolved optical absorpt1on bands due to transitions
from the 85 772 ground state to the excited 4554 (t ) and 4£%5d (e )
states. This optical absorption is common for the Eu2 jons in alkali ha-
lides and fluorite type crysta]s( ), but not for KMgF3 and RngF3 where
(4’5). The absorption spectrum im-

the Eu2+ ions are in K+ or Rb+ sites

plies that the divalent europium is in the Ca2+ site in KCaF3 and RbCaF3.
3+ 2+

The energy levels for Eu2+, Eu”" and Mn“" and the crystal field value for
Mn2+ in the crystals were obtained.
Energy transfer has been observed between Eu2+, Mn2+ and Eu3+ ions.

Effective transfer is observed even at low concentrations of Mn2+. This
suggests that the Eu2+ and the Eu3+ jons preferentially cluster around the
Mn2+ ions. The presence of clusters is not unexpected since the Mn2+ ions
(radious 0.80 Z) are smaller than the Ca’® ions (0.99 K) for which they
substitute and the Eu2+ (1.10 R) jons are larger. The elastic strain when

they enter the lattice can be reduced by clustering.
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THE INFLUENCE OF HIGH EXTERNAL ELECTRIC FIELDS ON
THE CUBIC Eu** CENTERS IN CaF, SINGLE CRYSTALS

N.Gouskos
Solid State Section - Physics Department - University of Athens
104 Salinos Street - Athens 10680 - Greece

In recent years there has been considerable interest [1-5] in studying, using EPR tech-
niques, the influence of very high external electric fields, in excess of 300 kV ¢m™!, on
cubic Gd3* centres in MF; crystals, where M=Ca, Cd, Sr and Ba. In the present paper
the electric field parameter, K, is determined for single cryst«ls of CaF; doped with
Eu®* ions. This parameter was interpreted following the superposition model intro-
duced by Newman (6]. The changes in the positions of the fluoride ions around Gd**,
which resulted from the applied field, were calculated using the quasimolecular model
of Arkhipov and Malkin [7]. The external electric field, with a maximum intensity of
400 kV c¢m™!, was applied along the |111] direction and the electric field parameter for
the CaF;: Eu?* single crystal was determined as

K =[-56+%3.0]x107"% cm~! kV~?

The large experimental error resulted from the small size of the sample and the fact
that the EPR was weaker than that observed for the Gd3* ions. From the superposition
model of Newman |6} the following relationship for the K parameter is obtained:

K = By{2(t] — ta) A'R} + [2(¢] — t;) + 4|A” R} + [4(t] - t5) + 2]A”RE}

The parameters B; and low power t; were determined from the spin-lattice param-
eters [8. B; was -147.3 x 107* cm™! and ¢, was 7.4. The displacements A'Ry, A" R?
and A”Rj were calculated in the quasimolecular model of Arkhipov and Malkin [7].
The superposition model of Newman gave a value for the electric field parameter for
CaF,:Eu?* of

K=-74x10"2cm ! kV-?
which is in good agreement with the experimental result.

1) N.Gouskos, I.LKh.Salikov and S.N.Arkhipov, Sov.Phys.-Solid State 22, 3366 (1982)
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RAMAN- AND IR-SPECTRA OF THE OH(OD)-STRETCH MODES IN LiTaOs

H.P. WINKLER, A. JoVANOVIC, M. WOHLECKE, S. KAPPHAN

Fachbereich Physik der Universitat
Barbarastrafe 7, D-4500 Osnabriick, Fed.Rep.Germany

The temperature dependence of the OH- and OD-stretch modes in LiTaOs has been measu-
red with Raman scattering and Fourier-IR-spectroscopy. The elements of the Ramantensor
of a single dipole are derived from those of the ensemble. The pronounced change of the
spectra with rising temperature has been used to determine the model parameter of the
contributing oscillators.

In the past the OH-stretching vibration in LiNbOg has been the subject of several investigations.
Corresponding detailed research has not been reported for LiTaOj, although LiTaO3 is a promising
candidate for electro-optic applications and may serve as a model compound of the LiNbOsz-family,
because of its low phase transition temperature. It is the aim of this contribution to report on some
features of the OH- and OD-stretch modes in LiTaQj.

The infrared (ir) and Raman spectra of the OH- and OD-stretching vibrations in LiTaOs, centered
at voy = 3478 cm™! and vop = 2569 cm™!, respectively, show some structure even for congruent
samples. At the low energy side and center part of the spectrum two transitions are visible, while
a third transition shows up as a shoulder on the high energy wing. Such structure has been seen in
LiNbOQj3 in almost stoichiometric samples only {1]. The OH ir-absorption is polarized perpendicular
to the c-axis in LiTaO3 as well as in LiNbOa. The first overtones of the OH- and OD-stretch modes
have been observed for the first time in LiTaO3. Both the spectral structure and the polarization of
the fundamental mode is reflected in the overtone. The anharmonicity is rather small, similar to that
in LiNbOj3.

_ ,\ LiTa0y D - r LiTaO3 H
@ i b
S v M’ usoc 5 /v"-\uw
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&1 v AN asox 5.7
Ll > " 3u0°C
LS 2 \,
21 pf A 20T 2 i 200°C
= I\ = AN
z ‘/ N Z VJ" 3
e W RT - “_RT )
2530 2570 2610 2650 350 3490 3530 3570
WAVE NUMBER (cm™) WAVE NUMBER (cm™}

Fig.1 Temperature dependence for the Raman intensity of the
OH- and OD-stretching vibration in LiTaO3

Raman spectra in the XX or YY configuration exhibit the spectral behaviour of the ir-absorption.
These diagonal tensorelements are the strongest and are equal for as grown and moderately doped
crystals. Congiderable scattering intensities are also observed for ZZ and XY components, while the
remaining component are very weak. We have used our model calculation first applied to LiNbOy
{2] to calculate the tensorelements of a single dipole from those of the ensemble. The result is a
polarizability tensor with minor off-diagonal elements and a ratio close to three for the a,; to ayx or
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ayy components. This is comparable to the results in LiNbO3 and alkali halides like NaCl, KCl and
KBr (3,4), reflecting the strongly screened influence of the host on the stretch mode.

The temperature dependence of both the Raman and ir-spectra is yielding information about the
composition of the spectrum. Fig. 1 shows the XX Raman spectrum. The strong decrease of the
center and high energy transition with increasing temperature is obvious. The low energy transition
broadens and the integral scattering intensity (or absorption) is diminished. On cooling the sample
down to room temperature, the original spectrum is obtained. This shows that hydrogen or deuterium
is not leaving the crystal during the thermal treatment. The fact that the frequency of the low
energy transition is almost independent of the temperature allows a well justified decomposition of
the spectrum in three transitions of different halfwidth. In Fig. 2 we present an example for such a
decomposition.

INTENSITY (arb. units.)

330 3470 3510
WAVE NUMBER (cm™)

Fig.2 Decomposition of the Raman spectrum of the
OH-stretch mode (at RT) into three components

For a best fit the transitions have been described by products of lines with Gaufl and Cauchy profile.
The results of the procedure can be stated as follows: (i) the frequencies of the transitions contributing
to the spectra are seperated by 15 cm™~! for OH and 10 cm~! for OD and are within experimental
error independent of the temperature. (ii) On the other hand, with the exception of the low energy
transition, the intensity of the transitions vary strongly with temperature. Similar trends have been
observed in LiNbOs:H for temperatures up to 150 °C [5].

The obove mentioned results may be interpreted by an ensemble of OH (OD) anharmonic oscillators,
which are located in the oxygen planes perpendicular to the c-axis. We have to introduce at least two
different binding energies to account for the very different temperature behaviour. These results shed
new light on the processes involved in the thermal fixing of holograms.
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MAGNETO OPTICAL STUDIES OF F CENTFR/MOLECULAR DEFECT PAIRS
A DE CRYSTAL

*
G. Baldacchini, S. Botti, U.M. Grassano+ and F. Lity

ENEA CRE Frascati -00044 Frascati (Italy)

Recently, great scientific interest has developed in the optical properties
of F center/molecular ion pairs in various hosts. Association of F centers
with molecular defects ("FHcencers") produces energy transfer between the
electronic excitation energy of the F center and the vibrational states of
the neighboring molecule. Details of this interaction, however, vary
strongly with both the molecule and the crystal structure of the host. The
presence of neighboring OH ions produces--at least in NaCl structure
hosts--quenching of the F emission withou creating OH vibrational
emission at 2.7 um, indicating efficient non-radiative relaxation
channels.1 In contrast to this, FH(CN_) centers produce under electronic
excitation CN_ vibrational emission at 4.8 pm. The lcw efficiency of the
latter, observed in KC12, rises in CsCl hosts to very high values, allowing
the operation of the first visible-light pumped vibrational laser.

The mechanism of interaction between F center and molecular ion is not yet
well understood. As one approach to this unsolved problem, we asked

in this work the question: to what extent does coupling and energy
exchange with the molecular neighbor affect the spin-properties of the F
[KC1+{%KCNI Fa electron? Using F(OH ) centers in KCl, KBr, KI,

o ——F Center | ) ta1Oprcai|and F(CN') centers in KCl, CsCl, CsBr, we
00} —F Center Avsorption

/
ost / the ground state spin-lattice relaxation time T

measured the magnetic circular dichroism (MCD),

\ L

/ \ and the spin memory ¢ of the electron during the

oLz \\ optical cycle. All experiments were performed at

13 1~2K  on crystals Dbefore and after optical
x10-2

(b) MCD association of F centers and molecular ions. The

ot 25kG
results obtained can be summarized as follows:

(a) Typical MCD results are illustrated in Fig.

/ 1 for one example (KCl doped with 1% CN). Rapid
2t / quenching produces the pure F absorption and its
“t 1 \ MCD spectrum, while F center association with the

. / —
9 \/ CN  defects produces the red-shifted and
4%0 300 950 600 —
Wavelength (nm) broadened FH(CN ) absorption and its related MCD

127




spectrum. From spectra of this type we learn that the FH spin orbit
parameter A is almost the same as that of F centers before aggregation--
only slightly decreasing in KC1:OH and CN , while about 20% increasing by
FH(OH_) formation in KBr and KI. In the two latter cases an optical
bistability was discovered, reported in the following paper.

(b) Fig. 2 illustrates inverse spin lattice

Spin-Lattice Relaxation Rate T'(H) | relaxation time T, (H) for OH and CN~ doped
da KCl before and after F - FH conversion in
10' CTA
. KCI+%ON" Fug? comparison to F centers in pure KCl. 1In the
(sech | 0F(CN) ,9‘}0/9f low field range the presence of both
o oy
R oFf o F g’ molecules shortens considerably T, (already
Lo}~
o before and--in most cases even farther--
KCI+I%OH™ ™~ _ 57 £
oy (OH7) L‘-X-G..-—O‘ after F ~ Fy conversion). Towards high
e M fields Tl(H) approximates the pure F center
behavior--closer for OH and less close for
| CN~ doped crystals, as seen in Fig. 2.
w02k < (c) The spin-memory loss during optical
ure
5::2:221:////7 cycle determines the spin-mixing parameter ¢
Fig. 2 for the F and FH centers. Aggregation to
03 o 02Ol  defects slightly decreases ¢, while
HikS) association to CN ions produces strong
increases of ¢. This latter part is particularly important because both

spin-memory loss and electron-molecular energy transfer occurs during the
optical excitation/de-excitation cycle. The exchange from electronic into
vibrational emission, observed only for FH(CN-) defects, appears to be
related in {its strength to that of the spin-memory loss: most extreme is
the effect for the laser-active FH(CN-) system in CsCl with highest energy
transfer and strongest spin-memory loss in the optical cycle.

+Dipart1mento di Fisica, Universita di Tor Vergata, Roma, Italy.
*Physics Department, University of Utah, Salt Lake City, Utah 84112, U.S.A.
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Dipartimento di Fisica dell’Universita
Parma, Italy

Study of the infrared properties of hydrogen-related defects in
semiconductors and insulators has been a significant tool in obtaining
information about the structures and properties of such defects.
Hydrogen is a particularly importaut defect comstituent because of its
small size and mass, the existence of several isotopes, and its ability
to form several types of chemical bonds. In many crystals
hydrogen-related defect modes lie well above the vibrational bands of
the host, thus making them amenable to conventional IR spectroscopic

techniques.

In this paper we investigate some of the theoretical aspects of the
IR spectra of H-related defects, using OH™ as an example. We show that
it is possible to extract considerable information from IR stretch
modes, if one can vary the isotope and the temperature, and if the
positions and strengths of vibrational overtones can be measured.
Although such information may not be sufficient to determine defect
models with certainty, it should allow certain defect models to be
discarded.

The classic example of this type of analysis is the paper of Bates
and Perkins (BP) on OH in T102. BP measured the IR spectra of OH™,
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OD—, and OT- at temperatures ranging from 8K to 300K. They analyzed
their measured isotopic frequency shifts and intensities on the basis of
two models, a diatomic anharmonic oscillator model and a harmonic
hydrogen-bonded model. Based on this analysis, they concluded that the

hydrogen-bonded model was inconsistent with experiment.

We have extended the BP model and have applied our version to data
obtained for Ti- and Mg-related OH  and OD  centers in LiF. Here, too,
the anharmonic oscillator model seems basically correct. However, there
is striking evidence for electrical anharmonicity (nonlinearity of the
electric dipole moment with O-H separation), in addition to mechanical
anharmonicity, in certain of the defects studied. This electrical
anharmonicity may indicate strong defect-host interactions not

previously considered.

In this paper the theoretical aspects of the approach used to
analyze the data of Ref. 2 will be discussed. The importance of the
coupling of the defect molecule to the lattice through the O atom, and
its effectlon isotope shifts, is demonstrated. Further analysis of the
data of BP suggests an anomalously large anharmonic contribution to the
internal OH™ stretching mode, which at the present time cannot be
explained. The effects of electrical anharmonicity are considered in
detail, as are the expected experimental consequences of weak hydrogen

bonding.

*Much of this analysis was carried out while WBF was visiting the
Dipartimento di Fisica dell’Universita, Parma, Italy.

**Research at Lehigh University supported in part by the Electronic and
Solid State Science Program of the U. S. Office of Naval Research.
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U.M. Grassano
Dipartimento di Fisica, Universita di Roma - Tor Vergata
V. Orazio Raimondo, 00173 Roma, Italy

Despite many years of investigation on the properties of the colour centres in ionic
crystals, some defects are not yet sufficiently known and more careful studies can reveal
new fundamental aspects which are of paramount interest for applications. In particular,
the use of a few kinds of point defects in laser technology fostered recent studies on the
structure and the optical properties of aggregate and associate colour centres. Indeed the
association of one (or more than one) F centre with impurity ions leads to the formation
of associate defects, which constitute a numerous class of active media for obtaining
laser action [1]. In general, the aggregation and the association of simple defects into
more complex centres, due to the vacancy mobility, is obtained by appropriate optical
irradiation. In this way, it is likely to create several types of defects, which frequently
coexist in the same crystal. The most studied aggregate centres are the F; and Fj
complexes, and the best known associate centres are the F 4 and (F;) 4 defects (if the
impurity is a cation) and the F gy defects (if the impurity is a halide ion).

We have studied the optical behaviour of associate colour centres in RbCLLi*
at different temperatures. Besides the known F , centres, (F;)4 defects have been
created by irradiation in suitable conditions and observed for the first time. Their LR.
absorption and emission have been measured at 2 K and 77 K, and the peak parameters
are reported in the table:

T(K) EA(eV) w A(CV) EE(eV) w E(eV)

2 1.29 0.05 1.03 0.17
77 1.28 0.06 1.01 0.17
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The dichroism of the centres and the kinetics of their formation, in strong con-
nection with that of the F; centres, have been deduced by absorption measurements.
Excitation spectra of the (F3) 4 luminescence showed the position of the centre absorp-
tion band also in the visible range. Our results confirm and clarify previous unexplained
observations. However, we have found the F; emission bandwidth slightly narrower than
that reported earlier (2].

Moreover, a peculiar and up to now not reported behaviour of F 4 centres has been
observed. Their luminescence shows unexpected dramatic changes with temperature.
The known typical emission of F 4(II) centres, peaking at about 2.9 um with a halfwidth
of 0.06 eV, is clearly observed in the range 50-80 K. However, it practically disappears
at 2 K, giving rise to a completely different emission band, centered at about 1.46 ym
and having a halfwidth of 0.21 eV. These band parameters are usually typical of the
emission of F 4(I) centres, which is not predicted for RbCL:Li* [3]. In the Figure we
report the luminescence excited with a He-Ne laser at 2 K and 77 K. Such a behaviour,
whose interpretation is not clear at present, requires more detailed investigations which
are under way.
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MEASUREMENT OF THE ANGULAR SHIFT OF THE Li* 10N
IN Fp (Li*) CENTER CRYSTALS

Marie MAY, Solange DEBRUS, J.P. HONG, Bruno QUERNET
Laboratoire dOptigue (UA 154 du CMRS)
Université P et M CURIE, 4 Place Jussieu, F 75252 Paris Cedex 05,

Edouard RZEPKA, Abderrahman BOUAZ!
Laboratoire de Physique Cristalline (UA. 802 du CMRS)
Universite ae Nantes, 2 rue de /a Houssiniére, 449072 Nantes Cedex

Fa(D) type centers created in alkali halides are of C4, Symmetry. On the
other hand, FA(II) type centers formed In crystals doped with lithium
have a lower symmetry since the Li* ions occupy four eguivalent
positions around a cationic site, lying in the {100} planes. A tunneling
motion occurs between these positions, which are slightly shifted in
the <110> directions with respect to the lattice cationic site. All the
properties of FA(II) centers as well in optical emission (1) and
absorption (2) as in Raman spectroscopy (3) are interpreted by
considering a Cq symmetry. Under these conditions, the Fay and Fa9
transitions are not parallel to the crystallographic axes of the crystal
and the reorientation of the centers under a linearly polarized optical
excitation is limited. Moreover the probability of reorientation is
temperature independent and gratings have .been recorded in such
crystals at nitrogen liquid temperature (4).

We present here a theoretical investigation of the anisotropy
photoinduced at saturation inanFp (Li*) center crystal. It is shown that
the angular shift @ of the Li* ion may be deduced from the values, for a
glven wavelength, of dichroism and birefringence photoinduced by an
optical excitation in the Faq band on the one hand and by an opticai
excitation in the F oo band on the other hand. This method presents the
advantage to remove the influence of the remaining F centers in the
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crysta) since 1t only concerns the photoinduced anisotropy. The
experimental results are valid only if the exciting Fao wavelength does
not belong to the K band and if there is no interaction between the

centers.
The measurements give © = 17° for a crystal of FA(II) KCl.Lt and © = 21°
for a crystal of FA(II) RDCLLi, at liquid nitrogen temperature.
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THE_ROLE OF DH™ IONS_IN TrE CHARGE COMPENSATION OF IMPURITIES IN ZrWO,
SINGLE CPYSTALS

1.FBldvéri, **R.Capelietti, ***L.A.Kappers, *A.Watterich.

¥ Research Laboratory for Crysti) Physics, 1502,Budapest 112 Pf.132
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xvx Phyics Department University of Cumiwciicut, Ctorrs, C! LA

Zr-vJO4 i: @ well known scintillato, materisl the -~pplicaticon of which is
iafluenced bv its colour due *o impuri*ties. Cation impurities are ex-
pected tc suiistitite for either Zn?+ or w6+ jions -lepend.ng oa theit va-
lerce state snd ionic radii. Tie excess charge of the “wmpourities may be
compe:.se ted either by the cation =ide (e.g.}*-S+ pairs irstead of the
y pairs oi the host ‘attice) or by arianic defects e.g. MH ions).
In our earlier paper:: /1,2/ tha incorporation of iron was stucied ang
interutitisl OH™ was found cumpensating the extra charge of F23+ irns
in an+ sites.

i the present work we showed thet Cr
nity tc 4™ ions. Their charge compensation may happen by 4he intrin-
sic.W* defests or an unclarified way.

Characteristic OH™ bands were observed in the spectrs of ZnNOA:Sb and
7nWOA:V urystals with well resolved i = structure at 10 K. The half-
widin ( 20-30 cm! at RT) and the s'iiciur. of these bands indicate s
strong roupling of OH™ ribration with tne poonon structure uf the crys-
tals. The 00 - OH exchange 1n ZnWUa:SD was faster and rore effective
than ir the case of ZnWUa:Fe crystals. !l these facts supgnrt the as-
sumption that the charge .ompenration of Sb or V ions is oiven by OH
ions substitutiry 07 Hositions 5*_3" cations pairs we.e shown in 3
dnuble dopec crystal (ZnWOa:Sb,Fe) and their role in the decolouraticn
of the crystals has been pointed out .. an carlier paper /3/. The OH™
bards in Znhoa showed strong angular dependence on the olarization of

3+ and Alj* v ve o similac affi-

the fncident IR lighi supportirg the idea of oriented metal ion - OH™

complexes.
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AN INFRARED ABSORFTION BAND CAUSED BY OH- [ONS
IN LiNbOx :Mg,Cr CRYSTAL

L.Kovacs., I.Foldvara., 1.Cravero, K.Polgar
Research Laboratory tor Crystal Physics. Hungarian Academy
of Sciences, 1502 Budapest. P.0.Box 132. Hungary

R.Capelietti
Department of Physics. University of Parma. Parma, Iltaly

Among the practical applications of LiNbO- single
crystals one of the most important is the utilization of
the photorefractive properties i1n ho.ogram recording. The
photorefractive process 1s strongliy dependent on transi-
tion metal impurities (e.g. Fe, Cr) and has been stud:ed
extensively [1). On the other hand. Mg doping above a
threshold level increases the resistance of the crystal
to laser-damage {2]. Even the OH" ions which are always
present 1in air grown LiNbOx are assumed to affect the
photorefractive behaviour (3]. In the present work we
studied a LiNbOx crystal containing Mg, Cr. and OH" 1ions
simultaneously. Visible and infrared absorption spectra
were measured in order to obtain some information about
the defect structure of the crystal.

A new infrared absorption band caused by OH- ions
was found at =3506 cm™* in LiNbOx:Mg.Cr whicn distinctly
differs from that in pure or chromium doped (3485 cm ')
and heavily magnesium doped (3540 cm *) crystals. The
crystal was grown in air by the Czochralski method. The
Li/Nb ratio was adjusted to 1.1, the concentration of Mg
and Cr i1n the melt was 4*10-* and 3.5*10"“% mole/mole
respectively. The visible colour of the crystal was
found to be rather inhomogeneous along the pulling axis.
The upper and lower parts of the bouie were greenish and
violet respectively with a continuous transition range
between them.
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Figure 1. Infrared absorption spectra of OH™ ions in
LiNbOx :Mg.Cr at RT. Curve A belongs to the upper part,
B to the lower part of the crystal boule. Curve C rep-
resents LiNbOs:Mg crystal.

The experimental results suggest that both Cr*+ and
Cr** ions are present in the crystal. The vibrating hy-
droxil ion in a Cr¥*mne—--Mg2*_:-~OH o complex may be respon-
sible for the appearance of the new absorption band at
#3506 cm~* mainly in the greenish upper part of the boule.
Cr**me—-Mg®*..1« pairs which are neutral without OH~ ions
are assumed to be dominant in the violet lower part of the
crystal where the absorption at #3506 cm~! is rather weak.
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RESONANT ELECTRONIC RAMAN SCATTERING OF
THE Sm*+*-CATION VACANCY COMPLEX IN KCl

Bas Cocquyt, Wim Joosen, and Dirk Schoemaker
Physics Department, University of Antwerp (UIA)
B-2610 Wilrijk (Antwerp), Belgium

The Raman scattering of the Sm** ion in KCl is resonantly excited in
the 41 - 4f35d optical transition centered at 540 nm. Six peaks (width ~ 5 cm™?)
are observed between 240 cm™! and 340 em ™! (Fig.1). According to the polariza-
tion properties of the emission upon 632.8-nm excitation they belong to electronic
transitions between the "Fp and "F; terms in the 4f% configuration.! In the KCI
host the threefold degeneracy of the "F, term is lifted: The crystal field splitting
depends on the site symmetry of the Sm*+ ion.? The signals at 255 cm™!, 288
em~!, and 321 cm™! are attributed to the site with C,, symmetry in agreement
with Refs.1 and 2. In this complex the charge compensating cation vacancy is lo-
cated in a next nearest neighbor (n.n.n.) position along (110). Thermal annealing
above 500 C favors a high concentration of this complex. However, the Raman
spectrum in Fig.1 shows that other Sm*+-vacancy complexes or aggregates were
not completely annealed.

We have investigated the polarized Raman properties of these elec-
tronic transitions. Analysis by means of the extended Behavior Type (BT) method
for resonant Raman scattering®* provides independent evidence for the final states
being J=1 levels. Measurements in a (100) cleaved crystal reveal that the ob-
served transitions are all completely depolarized, i.e., they correspond to Raman
tensors the diagonal components of which are zero. Additional experiments on
a {110) polished sample establish within an experimental error of 5 % that the
off-diagonal elements are equal in magnitude and opposite in sign. Consequently,
the observed Raman transitions transform according to the T, representation of
the cubic group Oy, which is compatible with a J=0 -+ J=1 transition between
states of equal parity.

In the C;,(110) point group the T, representation of O, reduces to
B, B;, and A4;, for the Raman peaks at 255 cm™!, 288 cm™!, and 321 cm™!,
respectively.! The latter representations possess a non-symmetric Raman tensor
in contrast with the T, representation of O) the Raman tensor of which is anfi-
symmetric. We conclude that the cation vacancy in a n.n.n. position of the
Sm** ion does not influence the polarized Raman spectra and, consequently, that
the breakdown of cubic site symmetry of Sm*+ is only reflected in the different
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energies of the J=1 levels. In order to identify the site symmetries associated
with the signals at 263 cm™!, 273 cm™!, and 298 cm™!, the influence of different
thermal treatments and excitation frequencies on the relative Raman intensities
of these transitions will be investigated.
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Fig.1 Depolarized Raman spectrum (recorded at 10K) of a {100} KCl:Sm** sample
(1 wt% of SmCl, added to the melt) under 514.5-nm excitation. The crystal
was quenched at 600 C for 30 minutes.
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PFRODUCTION OF A PARAMAGNETIC Bi® CENTER IN X - IRRADIATED KCl.

Bi CRYSTALS
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Central Institute of Physilcs, POB MG-6 Magurele, Bucuresti
/Romania 76900
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Since the discovery of laser-active T1°(1) centers in
KCl1 /1-3/ the interest in the np-type impurity defects has
greatly increased. Such irradiation defects have been obtained
only in alkali halides doped with n82 type cations of the
IIT B and IV B groups of the periodic table.

We report the properties of a paramagnetic center in
KC1-Bi crystals, with a Bi®(6p>) basical structure. The ESR
spectra attributed to such centers can be produced after X-ir-
radiation in the T77-210 K temperature range and subsequent
varm - up to, or by direct X-irradiation at T > 220 K, only in
samples previously annealed at high temperature. The ESR tran-
sitions originate from defects involving a single Bi nucleus,
as shown by the pattern of 10 lines of equal intensity mesult-
ing from the hyperfine (hf) interection with a single I = 9/2
nucleus, corresponding to the 2093i isotope (natural abundance
100%). The ESR spectrum is described by the spin Hamiltonian

with tetragonal symmetry along a <100% axis (usual notations

IAYA L

n =21
%P7 %
where g- % and I = %.

The spin Hamiltonian parameters are given in the
table, together with the corresponding values for the previ-

ously studied isoelectronic species Sn~ /5/ and Pv~ /6/.
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Center T(K) gﬁf gt Aﬁff(mT) A%t (1)
Sn” (tetrag) 10 1.987  3.931 9.7 15.2
¥0.001 0,001 t0.2 t 0.1
Pb- (1) 15 1.151 2.560 25 21.4
*0.001 to.o004 £ 0.1 t 0.1
Bi° 8 1.109 2.712 23 22,2
+0.002 %0.003 0,2 0.2

Due to the large spin-orbit coupling, a quantitative
estimation of the observed g-values has been performed by a
full diagonalization of the crystal-field, spin-orbit and

3 confi-

coulomb repulsion terms between the 20 states of the p
guration. Based on ESR pulse-annealing and optical bleaching
data, together with earlier results an isoelectronic Sn  and
Pb~ centers /5,6/, possible structural models and production

<0 .
sequences of the Bi~ center are discussed.
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ESR OF NON-CUBIC Fe3+ CENTERS IN LiCl CRYSTALS
S.V, Nistor, D.P. Lazar .and M. Velter-Stefanescu

Central Institute of Physics, POB MG-6 Magurele, Bucuresti,
Romania 76900

It has been shown by ESR spectroscopy that Fe2+ ions

in the LiCl lattice act as both electron and hole treapping
centers. Substitutional Fe' centers at lattice sites with va=-
rious symmetries /1/, as well as cubic interstitial Fezzbcen-
ters /2/, were produced by X-irradiation at 77 K, respectively

at room temverature (RT).

We report here the identification in LiCl,Fe crystals,
X~irradiated at 77 K and subsequently pulse-annealed at higher
temperatures,of some non-cubic Fe3+ centers subjected to ex~
tremely strong crystal-fields, which we believe to be the pre-

+
cursors of the Fe3 centers,
cub

Detailes concerning the preparation of the crystals
and irradiation procedures were given elsewhere /t/. The ESR
measurements were performed in the 35 GHz microwave band in a
Varian E12 spectrometer equipped with & N, gras flov attach-

ment.

Three types of orthorhombic non-cubic Fe3+ centers
vith local axes xll<110>, yll<110> and zll<001>, denotea Fe3+(I),
Fe3*(II) and Fe3*(III), have been identified. The local z axis
of the Fe3+(III) center is tilted by 4° ip a {110) plane, The
ESR spectrum is described by the spin Hamiltonian /3/:

- o L0 L AL o A0 AL Y AY
H. = 9pHS +B,0, +B.0, +8,0,+ 8,0, +8, 0,
where S = 5/2. The resulting parameters, determined by a com-

puter fitting procedure with experimental data along the main

axes, are given in the table.
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Center g Bg(mT) Bg(mT) Bﬁ(nT) Bﬁ(mT) Bt(mT)

Fe3* (1) 2.001 50,6 16.7 0.013 0.006 0.138
t0.002 0.5 %o0.5 0.008 %0.003 *0.00h

Fe3*(II) 2.011 k9.3 9.9  0.015 0.071 0.39k
t0.002 to.s5 *0.1  to.ook Z*o0.004 *o,00k

re>t(111) 2.008 16 15
*0.002  *o.s5 +9

Pulse annealing experiments on samples X-irradiated at
77 K have shown that the initial small concentration of
Fe3+(I) centers increases more than tenfold in the temperature
range 100 K £ T & 120 K, vwhere the VK
that a precursor Fe2+(I) center is produced by X-irradiation.
Above 140 K the Fe3*(I) centers decay and the Fe3*(II) and
Fe3+(III’centera are produced. Above 250 K both centers decay
and the Fe3+

cu
The structural models for these centers are based on

centers decay. It means

b centers are produced.

tvo possible structures of the precursarrFe2+(I) i.e., either
an interstitial Fe2+, or a substitutional Fe2+ ion which has

trapped an Cl; by X-irradiation.
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The x~band EPR has been studied at 20 K in single crystals of PbC12:Oo, the
symmetry group of which is Dég, with the lattice parameters a = 0.7608,
b = 0.4525 and c = 0.9030 pm /1/.

Co* belongs to the transition metal icns group with unfilled 3d’ orbital.

In distorted octahedral field the splitting of the ground state °F occurs
and the lowest state seems to be the Crammers doublet. Since the only na-
turally occuring nuclide is >°Co with I1=7/2, a hyperfine octet is usually
resolved with markedly anisotropic g-factor. The spin Hamiltonian with
the effective spin S'=1/2 and nuclear spin I=7/2 can be expressed as fol-
lows:

2=-pa055 + &3 (1)
The EPR spectrum in the a # H (fig. 1) or ¢ #/ H orientations, respectively
consists of two octets, in more general orientation there is the strong
dependence of the HFS constants on the magnetic field as well as new lines
appear due to forbidenen transitions. Spectrum shows strong anisotropic
properties both g-factor and HFS constants also. The spectrum can be de-
scribed by the Hamiltonian (1) where the parameters are given in Tab. 1.

AI AII
direction gt MHz wWiall U MHz 1074 an}
c 2.657 659 220 3.262 478 159
a 4,887 855 287 3.684 443 148
b 6.104 2281 394 6.273 991 331

2

Tab. 1 g-factors and HFS constants of two Co * centers in PbCl2
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Fig. 1 The EPR spectrum of Co2+ centers in PbClzzco crystal.
Hf a, il b, c; T=20K V= 9.193 Giz.

By means of symmetry properties of angle dependences of the EPR spectrum,
which shows the same symmetry as Pb2+ site (cl and reflection through the
a and ¢ axes, respectively) we can conclude, that paramagnetic centers re-
axnﬁbkaﬁxtmesmxmnmxmeinaxmxmﬁdintmamﬁlz1mxn£<xxﬂe
2t sites.

Fram the above facts it can be deduced that the Coz*—ions can play the
role of the forementioned centers, incorporated in two different surroun~
dings T and II of Pb’' sites.

/1/ Ju.Z. Nozik, L.E. Fykin, L.A. Muradyan, Kristallografia 21, 76 (1976).
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STUDY OF VANADYL CENTERS IN LITHIUM POTASSIUM SULPHATE
SINGLE CRYSTALS: BY EPR
N.Sathyanarayana' and  S.Radhakrishna?
1. Dept. of Physics, Central University of Pondicherry,
JIPMER Caapus,Pondicherry, India-605 006,

2. Dept. of Physics, Indian Institute of Technology,
Madras, Ind a-606 036,

The 3d transition metal ions are used effectively as
impurity probes to find out the local symmetry of the cry-
stalline fields in various environments and also used for
detecting the phase transitions occuring in crystalline
co.l.:l.do’ia Among the 3d transition metal ions,vanadyl ion 1is
found to be the most stable molecular cation and it cam
exist in different co-ploxesa. Hence, we have undertaken the
EPR studies of VO°* ions doped Lithium Potassium Sulphaté
(LPS) single crystals to study the structure of the Lattice.
Pure and vanadyl doped LPS crystals are grown isothermally
at 42°C from the aqueous solution made up of equimolar
quantities of l:2 so4 and L12 504. A small amount
(0.5 to 2,0 Mol.wt.X) of Vanadyl Sulphate was added to the
LPS solution. Vanadyl doped crystals are sea-blue in color
and the crystallographic axes are identified by X-ray
diffraction. ESR spectra are recorded at 300 K on a varian
E~4 spectrometer.

LPS single crystals belong to hexagonal system with
bimolecular unit cell of dimensions a=5.145 A% and
c=8.629 A, Figure 1 shows the EPR spectrum of V02+ ion in
LPS crystal recorded when the magnetic field (H) is
parallel to the a-axis. As can be seen from the figure,
there are two prominent sets of eight lines and each set
of lines arises due to the interaction of a single
unpaired electron with the vanadium nuclear spin (I=7/2),
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EPR spectra are recorded in every 10° of rotation in all
three plames and the principal g and A (hyperfine)
parameters/calculated for all the orientations of the
spectra., To know the complete behaviour of the spectra,
some of the VO?+ ion~doped crystals are crushed into a
fine powder and the EPR spectrum is recorded which is
shown in Figure 2, This figure indicates that there are
two chemically distinguishable V02+ sites existing in the
lattice, The EPR spectra of both the poly and single
crystals of VO?+ in LPS system are analysed and the
detailed results will be discussed,

et e = a7 e . .
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F(BR™)-CENTRES IN BAFBR

- F. K. Koschnick, H. Séthe , J. M. Spaeth

UNI-GH Paderborn, Fb. 6, Warburger Str. 100, D-4790 Paderborn

In alkaline earth fluoro-halides like BaFBr and BaFCl two types of ['-centres with
different local symmetry can be formed. The electron is either localized in a Br™ - vacancy
(F(Br~™)-centre) or in a F~ - vacancy (F(F )-centre). In this investigation the F(Br™)-centre
in additively coloured BaFBr was measured by ENDOR. The results of these experiments
were compared to the F(Cl™)-centre in BaFCl! investigated earlier by Bauer [1,2] and Yuste

)

Fig. 1 structure of the F(X )-centre in BaFX with the lattice surrounding characterized by
neighbour nuclei shells as identified by ENDOR analysis ( X = Br, Cl )

The F(Br~)-centre has axial symmetry. The g-tensor can be described by the two g-
values g = 1.98 and g _L-l.99 . From the ENDOR analysis the values of the superhyperfine
(shf) constants a, b, b’ and the quadrupole constants q, Q" of six neighbour shells are
deduced. The z-axis of the shf-tensors of the first shells (Fl and Brl/Cl') are orientated

149




along the connection line between the nuclei and the F-centre, while the orientation of the
tensors of the other shells differ from the connection line. In table I the spin densities at the

nuclei of the neighbour shells calculated from the isotropic shf-constant a are listed.

Tab. 1 isotropic spin density distribution at the neighbour
shells of the F(Br~) in BaFBr and of the F(C1™) in BaFCl

F(Br~) in BaFBr F(CI") in BaFCl

shell spin density / lO4 a.u. shell spin density / 104 a.u.
Fl 74.2 Fl 61.0

F2 1.7 F2 47

F3 16.4 F 159

F 38 F 2.0

F 14.3 F 14.5

Br! 415.2 cl! 180.0

The spin density distribution of both centres has a large anisotropy which can be
explained by a spin transter mechanism by lattice ion overlap. The spin transfer mechanism
is also responsible for the disorientation of the z-axis of the hyperfine tensors of the outer
shells from the connection line to the F-centre. From the comparison of the spin densities of
both centres is seen that the wave function of the F(Br~)-centre is more diffuse than the
wave function of the F(CI7).

Calculations of the shf-constants a and b of the F(BR™) in BaFBr with the model of
the orthogonalized envelope function taking into account the lattice ion overlap yield the
best results with the choice of a wave function with §5% part Is type and 15% 2s type
character. Bauer's calculations of the F(C17) in BaFCl yields an s type function only. This

also indicates the more diffuse character of the wave function of the F(Br™)-centre.

1 Bauer, Niklas, Spaeth, Phys. Stat. Sol. (b) Vol. 118, 557
2 Niklas, Bauer, Spaeth, Phys. Stat. Sol. (b) Voi. 119, 171
3 Yuste et al, J. Phys. Chem. Solids, Vol. 37, 961
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AN ESR STUDY OF VANADIUM (MPURITY TONS IN
SINGLE-CRYSEAL ZINC TUNGSTATL

G.J. EDWARDS, O.R. GILLIAM, R BARTRAM and L.A. KAPPERS

Department of Physics and Institute of Materials Science
University of Connecticut, Storrs, Ct. 06268, U.S.A.

AL WATTERICI and 1. FOLDVARI

Research Laboratory for Crystal Physics, Hungarian Academy of Sciences,
H-1112 Budapest, Budadrsi ut 43, Hungary

Recent developments in crystal growth techniques have allowed the production of

single crystal ZnWO, with very little coloration indicating significant increuse in sam-
ple purity, Interest in ZnWO, is duc to the use of this material as a scntlluton de-
tector for x- and y-ray spectroscopy. A discussion of the crystal structure for an
isomorphic material is given by Keeling.) Some recent rescarch on the sannilation
properties of ZnWO, has been reported by Grassmann er a2, Zhu ef ¢ié, and Oj
el al.* ZnWQ;, is among a cluss of divaient and trivalent tungstates which are reporeed

to be potential laser materiuls. The ESR spectra of 7 fons are particabarly important
due to their sensitivity to the crvstal ficid.

The Rescarch Laboratory for Crystal Physics has succeeded in growing ZnWOy,

crystals with significantly reduced impuritv concentrations.  Crystals are grown by
wlance-controlled Czochralsky technique in a platinum crueible, oriented by v-ray
difTfraction and then cut to useful sizes for clectron spin resonance work. Three tipes
of vanadium-related defects, labeled A, B and C, can be identified in ervstals doped
with vanadium. In arbitrary directions, the type A defect exhibits four sets ol cight

. Sly, ) X .
hyperfine lines ('V, I=7,2, natural abundance 99.8%), and types B and € cach en-

hibit two sets of cight lines.

Krygin ez al7 identified a single vapadium defeet with two mcquivalent sites in
.

vanadium-doped ZnWO, This defect was attributed to a v oien occupving a 7n"
site with a vacancy in the adjacent Zn site. This would lead 1o a spectrum of two sets
of cight lines in arbitrary directions. In the crystals supplied to us, defect types Boand
C cxhibit this general behavior. Preliminary calculations, however, show that the prin-
cipal g and A values differ from that reported by Krygin er al.. In addition thar pro-
posed model predicts that there sheuld be no splitting of the Zeeman transitions for
rotations of the magnetic (ield in the a-b plane, whereas the major transitions observed
by us in this plane split into two scts of hyperfine lines. Qur conclusion, then, is that
we have observed three previouslv unreported paramagnetic vanadium defects in
7ZnWQ,.
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Angular variations of the ESR spectra for the defects have been meusured in the
(010) meL and in a plane that includes the [001] direction and a vector which is 10°
in the a-b plance from [110]. In the first planc of rotation none of the Zeeman lines split,
whercas in the second cach line splits into two lines. Superhyperfine interactions have
been observed around defects A and B, but corresponding interactions around C are
not detected presumably due to their muchy smaller intensity.  The intensity ratio of
supcrhvperfine line to main line is 1:4 for defect A and 1:12 for defect B.

The superhyperfine intensity ratio for defect A is consistent for mumcuons with
195
Pt (/=1 2, natural abundance 33.8%). This would mduate that the V' ion occu-

. S . . ., 2t -
pies « W site with an adjacent Zn”  site occupied by a P ion. Since there are
two inequivalent tungsten sites and two incquivalent Zn sites, there would be four
scparate sets of lines in this model, as is secn in our measurements.

The Supuhvpurhnc \p]illin;; in defect B is most probubly due to interactions with

neighboring Y (I=1°2, natural abundance 14. 4°%). This defect has two scts of
Zeeman lines which split in the a-b plane, precluding vanadium subsutution in a 7Zn

. . . . 4= . 6+ . .

site; this defect is attributed to V' in a W sitc but with no local charge
compensator. Defect C s likely to be a perturbed B-tvpe defect. Resonances for defect
C could only be followed in the a-c planc. .

An analysis of the spin-Hamiltonian parameters including the superhyperfine inter-

actions will be presented. A comparison of these values with those of d' ions in similar
materials will be presented.

*
Supported jointly by the U. S. National Science Foundation under grant No.

INT-8617352 and the Rescarch Foundation of the Hungarian Academy of Sciences
(A KA.

1 R.O. Keeling, Jr.,, Acta Cryst. 10, 209-213 (1957).
2 11. Grassman, H.-G. Moscr and E. Lorenz, J. of Lumincscence 33, 109-113 (1985).

3 Y.C. Zhuy, J.G. Lu, Y.Y. Shao, I1.S. Sun, J. Li, $.Y. Wang, B.Z. Dong, Z.P. Zheng
and Y.ID. Zhou, Nucl. Instr. and Mcth. A244 , 579-581 (1986).

4 T. Oy, K. Takagi, and T. Fukazawa, Appl. Phys. Lett. 36, 278-279 (1980).
5 K. Pectermann and G. Huber, J. of Luminescence 31/32, 71-77 (1984).
¢ F. Schmidt and R. Voszka, Crystal Res. Technol. 16 , K127-128 (1981).

7 1. M. Krygin, A. D. Prohorov, and G. A. Tsintsadze, Phys. Stat. Sol. (b) 55,
K107-110 (1973).
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EFFECT OF HYDROSTATIC PRESSURE ON THE Ag* OFF-CENTER MOTION IN RbCl

M. Fricke, O. Kanert and R. Kiichler
Institute of Physics, University of Dortmund, West Germany

Nuclear magnetic relaxation (NSR) can be successfully used to study the
dynamics of off-center defects In ionic solids /1/. The resulting defect-
induced NSR rate can be written as /1/

1 2 D 41p

_— CpWw + 1

T, p 0(10(1«)?1))2 14(2uwtp)2) M

where CD"’:: denotes the mean quadrupole interaction between the probe
nuclei and the off-center defects of concentration cp, @ is the Larmor fre-
quency, and « is a scaling factor depending on the type of the rotational
motion characterized by the correlation time 1. Fig t shows first data of
the temperature dependence of the 87Rb NSR rate in RbC1:80ppm Ag* for
various hydrostatic pressures. As shown in a previous paper /1/ the NSR
rate 1/T, is due to 90° rotational jumps of the Ag* off-center defects.
Obviously, below 100 MPa only a shift of the rate maximum occurs while
the magnitude of the maximum remains constant. Above 100 MPa this
magnitude 1Is reduced, too. According to Eq.(1) one has to conclude that

]
]
=l
:._W: A ROCL ultrapure ]
] o p= 0IMR
= ] e p: WMP
] O p= B80MPa
e p: 10MP
]
]u. 1] T T T TvTTTY ? T
1 1 L 681 20 50

Temperature (K)

Fig.! B7Rb NSR rate vs temperature at various hydrostatic pressures in
ultrapure and Ag’-doped single-crystal RbCl ( By =42T)
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the relative number of occupied off-center positions which is equal to cg
starts to decrease above 100 MPa. This is in agreement with the resuit of
PER measurements In RbCl: Ag* /2/. Using these data the pressure depen-
dence of cp, can be expressed as /3/

cp = {1 +1/12 . exp (U(p)/T) }? 2)
where U(p) = a (p - pepye } Witha = 0.42 K/MPa, p.ye = 94 MPa and U(p) = 0
for p < p.yrye 727. By means of Eqs.{1,2) the correlation time 1p = 15(p,T)
was determined from the data in Fig.1. The resuit is shown in Fig.2. The
findings can be interpreted with a model presented recently /3/:

1) T 2 9 K: The Arrhenlus behavior of the temperature dependence of 1p
/17 leads to the experimentally observed relation tp(p) = 1p(0)-exp(-p/p,)
with py = T/(3E/0p ), i.e. po=T. For the pressure dependence of theeffec-
tive activation energy E of the rotational motion we found the following
relation : (3E/dp)y = 0.2 K/MPa.

i) T < 9K; p ¢ Perir: The off-center-motion is due to phonon-assisted
tunneling. Again, one finds tp(p) = 1p(0) - exp( -p/py ). p,=1/2-( 3R/ 3p |
however, which describes the effect of pressure on the polaron factor
exp( -R ) of the tunneling matrix element becomes independent of T. This
is confirmed by the data of Fig.2, where p; ~ 40 MPa.

HIY T < 9K; p > peppe: Off-center
to on-center jumps occur in ad-

dition to the rotational motion
of Ag* leading to the observed
deviation from the Arrhenius

behavior of tp(p) above p, 4.

Fig.2 Pressure dependence of the
correlation time 1, of the
Ag’ motion at vairious tem-
peratures.

REFERENCES

1 O.Kanert, Phys.Reports 91, 183 ( 1982 ).
2 F.Bridges & D.Chow, Phys. Rev. Lett. 54, 1532 ( 1985 ).

3 O.Kanert & R.Kiichler, Cryst.Latt.Def. and Amorph.Mat. 16, 347 ( 1987 ).
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NUCLEAR MAGNETIC RESONANCE STUDY OF SINGLE-CRYSTAL RUTILE
0. Kanert, H. Kolem
’ Institute of Physics, University of Dortmund
POB 500 500, D-4600 Dortmund, West Germany
47, 49, . .
NMR measurements of Ti and Ti have been performed in single-

crystalline rutile (TiOZ—x) between room temperature and 1400 K at 8.5 T
and 4.2 T respectively. In order to carry out the experiments a high-

temperature probe head was developed including an automatically controlled

oxygen partial-pressure system.
The different orientations of the EFG tensor with respect to the direction
of Eo at the two different Ti sites in the unit cell of rutile lead to a

well-seperated two-line NMR spectrum of A7Ti and 49Ti

, respectively.

While the largest eigenvalue sz is found to be only weakly dependent

of temperature, the asymmetry parameter n reveals an uncommonly strong

dependence on temperature /1/.

The nuclear spin relaxation (NSR) rates l/T1 (7eeman) and l/Tlo (rotating
frame) of AgTi depicted in

Fig. 1 are shown to be

159““_]0“&‘1“ ﬁmK 5mK Ll_IlK 30_“ determined by the fol-
] °\° Py = Tatm lowing mechanisms:
1 {‘ « T, (Bp=B5T) i) Below 400 K, the re-
]02\ \ o VTylBy =05ml) 4 laxation process is go-
’E T, - - - Phonon Contribution (=<T?) verned by a two-phonon
o quadrupole interaction.

E; ii) In the temperature
f.ml ] range between 400 K and
\\35% 1100 K the influence of
\“\\a the motion of oxygen va-
.\\\a;j\w\\\\\\\, cancies and of intersti-
1UL ' i ' ' ' . tial Ti ions becomes im-
05 10 15 20 25 30 35 portant resulting in dif-
i “nJKJ) ferent NSR rate maxima of

Fig.l: 4945 NSR rates vs 1/T in Tio,_, 1/'1'lo as shown in Fig. |
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Fig.2: Time dependence of

the 49,

Ti NSR rate after

a sudden change of Po2
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iii) Above 1100 K, the relaxation is mainly
due to Ti self-diffusion.

As Fig. 2
of the oxygen

pressure

demonstrated in a sudden change

the magnitude of partial

followed by

the NSR rate corresponding

is a time-dependent
of

the actual concentration of defects

variation to
deter-~
mined by the nonstoichiometry parameter x. An

evaluation of the data based on the solution

of Fick's first law /2/ leads to an chemical
diffusion coefficient D of (4+l) 10-6 cmz/s
at 830 K for the defect motion. The ex-

periments indicate, that the recovery of the
NSR rates is governed generally by different
defect mechanisms.

From site-selective NSR experiments the jump

rate [ of Ti between nonequivalent Ti sites
can be determined directly /3/. The result is
3.

and the present NMR data confirms that inter-

shown in Fig. A comparison of tracer /4/
stitialcy motion is the major process of Ti
mass

( =1%)

between different Ti lattice sites.

transport. Only a very small fraction

of the Ti diffusion occurs via jumps

70 15 80

inverse Temperatore (1K)

Fig.3: Jump rate of Ti
between different Ti

sites in TiO2 vs 1/T
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CALCULATIONS OF SOME SIMPLE DEFECTS IN PURE AND DOPED CaF ,
AND SrF , CRYSTALS WITH ALKALI IMPURITIES

A. AMARA. G. CREMER
F. MARTIN-BRUNETIERE. M. THUAU

Laboratoine de Spectrnoascopie Atomique, ISMRa-Univensité de Caen
Boulevard Maréchal Juin
F-14032 CAEN CEDEX

Computer simulation techniques (1) have been used to calculate
the formation energies of some various defects by the well-known static
model {2), a distorded static lattice of polarizable no-point ions [shell
model) ; the large distant effects have been treated by the MOTT and
LITTLETON method. The studied defects are the interstitials and va-
cancies (F~, Ca 2’ and Sr?) and the interstitial and substitutional im-
purities (Li*, Na*and K*). The reaction energies of some doping meca-
nisms (alkali-earth fluoride by alkali fluoride) have been deduced. The
ON/OFF site feature of the impurity has been also investigated. Lastly
we have claculated the capture energies linked with vacancies and impu-
rities according to various clusters. This work is previous to the simu-

fation of simple defects trapping electron(s]).

{1) HADES code : NORGETT J.J. (1974), UKAEA report, AERE-R 7650

{2) CATLOW C.R.A. and MACKRODT W.C. (1982), “Computer Simula-
tion of Solids ", Spring-Verlag, Berlin,

157




TU - P26

CALCULATION OF THE F; LINEAR CENTRE_IN CaF,

A. AMARA and M. THUAU

Laboratoine de Spectroscopie atomique, ISMRa-Univernsité de Caen
Boufevard Maréchal Juin
F-14032 CAEN CEDEX

The H: molecular ion embedded in a dielectric continuum has pro-
vided a satisfying simulation of the F ; centre in many alkali halides (1) ;
so, in spite of the very naive features of this model, we similarly study
the F ; centre in CaF , : 2 electrons are trapped in the potential well
of 3 aligned hydrogen nuclei embedded in the dielectric continuum. The
9 lowest energy levels (= and 9. spin-triplet and singlet states of the
H; linear molecular ion are) determined as a function of the nucleus dis-
tance by restricted ans unrestricted Hartree-Fock calculations (2) with
a gaussian basis set (24 s-like and 3 > 12 p-iike functions centred on
the nuclei) ; then we deduced the energy-level-positions as a function
of the dielectric constant k. The allowed dielectric dipolar transitions from
the fundamental state (1=g'} are localized in the infrared (1 Zu' excited
state) and the visible range {1Mu), if k = 2.5. The oscillator strengths
of these transitions are also calculated.

(1) MOLLENAUER L.F. (1979), Phys. Rev. Lett. 43, 1524.

(2) ATMOL code : SAUNDERS V.R. and GUEST M.F. (1976), Rutherford
Laboratory Reports ATMOL 3.
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EFFECT OF PRESSURE ON INTRA-d TRANSITIONS
M.J. Caldas, M.R. Sardela Jr. and A. Fazzio

Instityto de Fisica, Universidade de S3o Paulo,

C.P. 20.516, 01498 S3io Paulo, S.P., Brazil

We study, from a theoretical point of view, the effect of pressure on the
. . - . +

lines of 1intra-d transitions of the ion an in II-VI compounds. In
particular, in this work we analyse the tetrahedral zinc-blende phase of

semimagnetic compounds Cd MnxTe, an-anxTe and related materials. We

I-x
use a determinantal perturbative approach tomultiplet splittings developed
by [1] Fazzio, Caldas and Zunger (FCZ) which differs significantly from

the classical BCA theory of Tanabe~Sugano [2].

In the alternative (FCZ) approach we introduce orbital deformation
parameters )\u= <uu|T]—{pu>S/<dd|—r]—|dd>I, representing ration between

i
the electron~electron 3 J

interactiofd in the solid (S) and in the free ion
(I); the label 1 refers to the crystal-field-split u=e or t2 orbitals

The ten independent repulsion integrals between d-electrons are then
expressed in terms of )‘e’ )‘t and the Racah parameters for the free 1ion ,
Bo and Co' Another very important difference compared to BCA theory is
the .renormalization of the dependence of the Racah parameter A on the
occupation configuration e™t" (and hence on hybridization state) into an
effective crystal field splitting Aeff' This dependence is discarded in

BC 4 theory.

The behaviour of hybridization with pressure may be analysed through the

behaviour of the energy of an intra-d absorption or emission. We focus
on the dependence dE/dP of the absorption line 6A]-*4Tl for the compound

Cdl—anxTe’ for which there is enough available data. We reduce the full

determinantal equation for the transition energy to approximate.analytical

simple equations for dE(GAl-’AT]) in terms of d)\u and dA These

eff’
expressions are fit to experiment to yield dkt/dP: the values are then used
in similar expressions for other transition energies that can again be

checked against experiment.
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Our values give very good agreement with experimental results. The

scheme may be extended to treat pressure effects in other systems.

(1] A. Fazzio, M.J. Caldas and A. Zunger, Phys. Rev. B 30, 3430 (1984)

{2] Y. Tanabe and S. Sugano, J. Phys. Soc. Japan 9, 753 (1954)
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THEORETICAL STUDY ON Ni° IN FLUORIDE LATTICES

M.T. Barriuso
Departamento de Fisica Moderna, Facultad de Ciencias, Universidad
de Cantabria, 39005-Santander, Spain

J. Aramburu ard M. Moreno
D.C.I.I.T.Y.M., Seccién Ciencia de Materiales, Facultad de Ciencias,
Univ. de Cantabria, 39005-Santander, Spain

In irradiated insulator materials impurities involving unusual oxidation
states are sometimes stabilised. The study of such "unstable” cations
offers however additional difficulties due to the lack of stable known
canpounds from which an important local structural information can be
obtained. This fact stresses the necessity of performing theoretical
calculations for different metal-ligand distances in order to gain a
better understanding of the experimental results., Unfartunately an
"unstable” 3d° impurity like Ni' has received much less theoretic
attention than CuZ'.

The present work is devoted to the theoretical study of Nit impurity
in fluoride lattices with x2—y2 as ground state. The two main goals
‘hich have been pursued are:

1) The calculation of square-planar NiF, and distorted §, NiFy~

camplexes as a function of the equatarial Ni'~F distance, R.

2) The theoretical study of the position of the electronic Nit

levels with respect to those of the perfect host lattice.

The first aim has been accamwplished through self-consistent Extended
Hickel and Xm calculations. For the second purpose self-consistent Hickel
calculations including up to 81 atams have been carried out in the LiF
lattice. With respect to the former point the calculations confirms the
high ionicity of the Ni*-F bondl‘Z, f, being close to 2% for R=2.1 A.
Moreover though f,. increases when R decreases it is shown that J?S/Ss
is independent of the distance R in the range 1.90-2.40 A. This result
supports the use of the experimental fs value in order to determine the
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true equatorial Ni'-F distance>.

The energy of both crystal-field and charge-transfer transitions
are shown to increase upon decreasing R the latter ones being likely
placed in the vacuum ultraviolet region. On the other hand the first Xe
results on NiFZ- suppart that the 3a%» 3a® 4s and 30 308
lie below 45000 an ! as pointed out before®.

The calculations carried out for Ni* in LiF indicate that a) Ni'
levels are placed in the gap about4eV above the top of the valence
band of the pure crystal, b) charge-transfer levels mainly built fram
the four equatorial ligands are also localized but lie just on the bottam
of the valence band.

4p transitions

W. Hayes and J. Wilkens, Proc. Roy. Soc., A281, 340 (1964).
2 M. Moreno, J. Aramburu, M.T. Barriuso, J. Phys. C:Solid State Phys.,
19, L315 (1986).
3 M.T. Barriuso, M. Moreno, Solid State Camwmm., 51, 335 (1984).
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DEPENDENCE OF THE COVALENCY OF THE (MnF6)4_ COMPLEX ION UPON

2+_

THE Mn“ -F DISTANCE

M.T. Barriuso
Departamento de Fisica Moderna, Facultad de Ciencias, Universidad
de Cantabria, 39005-Santander, Spain

J.A. Aramburu and M. Moreno
D.C.I.T.T.Y.M., Seccién Ciencia de Materiales, Universidad
de Cantabria, 39005-Santarder, Spain

and

M. Flérez, G. Fernadndez Rodrigo, and L. Pueyo
Departamento de Quimica Fisica y Analitica, Facultad de Quimica,
Universidad de Oviedo, 33007-Oviedo, Spain

The properties of an impurity, M, in an insulator material are strongly
related to the covalency of the bonding with the nearest ions X, which
depends on the true M-X distance, R.

The present work explores the dependence of the covalency parameters
called £, £, and £_ upon R for the case of the Mn°* impurity surroun
ded by six F ions. Such a situation is experimentally achieved for
an+ doped fluaroperovskites.

In order to investigate the present problem two complementary
approaches have been used. In this way Hartree-Fock-Roothaan calcula--
tions have been perfarmed for the MnF64_ cluster and for values of R
in the range 1.90-2.3 k. Moreover the electrostatic potential due to
the rest of the lattice upon the complex has also been taken into
account in the SCF process. On the other hand the covalency parameter
fp=fa - £, has also been derived from a careful analysis of the
experimental anisotropic superhyperfine constant Ap measured in ENDOR
experiments. In it two points are shown to be specially relevant: the
inclusion of lattice relaxation, which strongly affects the dipolar

contribution A,, and that of the metal-ligand term which has been

de
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usually neglected up to datel.

CsCaF. l, and RbCAF.

to
in

is

The Hartree-Fock-Roothaan calculations indicate that:

1) f depends on K82 unile £, on R 32 and then £, varies more slow
ly with R,

2) fs and fp behave as local observables: changes in their observed
values fram crystal to crystal would be mainly determined by
changes in the Mn2t-F distance.

3) fs is proportional to the square of the group overlap integral
Ss and then supports the determination of the true R value fram
the experimental As constantz.

The analysis of experimental ENDOR data of an+ doped I(ZnF3 3,

3 3 4, taking into account the true R values,leads

the conclusion that :vithin the experimental errors fp is constant

the range 2.08-2.15 A and equal to (0.60+0.20)%. The same figure

obtained in the analysis of NMR data for the pure campound RanF3

when metal-ligand contributions are considered.

The present conclusions are clearly at variance with recent reported

analysisland point out the necessity of performing ENDOR experiments
under hydrostatic pressure in order to detect changes of fp due to R

variations.

(1) H, Aoki, M. Arakawa ard T. Yosida, J.Phys.Soc.Jpn., 52, 2216
(1983).

(2) M.T. Barriusc and M. Moreno, Phys.Rev., B29, 3623 (1984).

(3) R.K. Jeck and J.J. Krebs, Phys.Rev., B5, 1677 (1972).

(4}

P, Studzinski and J.M. Spaeth, Radiat. Effects 73, 2216 (1983).

166




TU - P30

INELUENCE OF OXYGEN OCT AHEDRON S1ZE ON THE ELECTRONIC STRUCTURE
OF C02* DOPED PEROVSKITE

P. Moretti
Institut des Sciences de I'Ingénierie
et du Développement Téchnologique
Université Cl. Bernard Lyon |
43 Bd. du t1 Novembre 1918
69622 Villeurbanne France

Detailed knowledge of the electronic structure of cobalt ions in octahedral
oxygen coordination is of great interest, since this 3d metal has been
incorporated and studied in various host materials(!),

The divalent ion attracts attention particularly for two reasons. Firstly it is
probably the most commonly encountered form, and secondly previous
calcufations(2) show that, unlike the others, it undergoes a low- high-spin
conversion for a cubic lattice constant around 3.95 A. The corresponding Co-O
bond distance lies therefore in the range of the B-0 ones of very numerous
ABO3 compounds.

In this work a series of SCF. Xae spin-unrestricted calculations is carried
through on cubic (CoGg)-10 clusters to model the Co2* impurity located at the
center of the oxygen octahedron. The unit cell parameter is allowed to vary
from 3.8 to 4.2 A, thus including most of the cubic oxides, and particularly the
SrTiO3 - like ones.

Besides the evolution of the energy of the crystal field transition, ZES -
4T|5. investigated through the transition state procedure, two main points are
examined.
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The energy diagrams associated to the 3d eigenvalues are reported, for
both high and low spin configurations and various cell parameters, relative to
the upper O2p level, which is actually the valence band edge of ABO;
compounds. In the latter consequently, the energetic evolution of the acceptor
charge transfer band, 02p - Co3d, can be inferred.

A detailed analysis of the electronic distribution within the clusters atomic
spheres allows us to describe, according to the Co-O distance, the evolution of
the covalent bonding strength. Indeed the latter is reflected on the variation of
the "net” charges beared by the bonding and antibonding 3d levels. The
behaviors of the chemical bond for the high- and low-spin configurations of the
metal are found opposite to each over. Moreover, owing 1o the spin cross-over
phenomena encountered at the critical aforesaid cell parameter, a discontinuity
occurs for the 3d charges variation, and accordingly for the covalent strength.

References

(1) P. Moretti, F. M. Michel-Calendini, G. Godefroy and L. Hafid, jpn.
J-Appl. Phys. 24 (2), 653 (1985) and references therein.

(2) F. M. Michel-Calendini, P. Moretti and H. Chermette, Ferroelectrics
Letters 3, 35 (1984).
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CRYSTAL-FIELD MODEL OF A Pb‘(2) CENTRE IN STF,

R. H. Bartram
Department of Physics and Institute of Materials Science,
University of Connecticut, Storrs, CT 06268, U.S.A.

M. Fockele, F. Lohse and J.-M. Spaeth
University of Paderborn, Fachbereich 6, Warburger Strasse 1004,
4790 Paderborn, Federal Republi: of Germany

A diamagnetic centre in irradiated Ser:Pb which exhibits long-lived
infrared luminescence with three excitation bhands has been tentatively
identified as a PbO(Z) centre, consisting of a neutral Pb atom at a
cation site flanked by a pair of anion vacancies along a <111> direction.
An off-centre displacement of the Pb atom along the line joining the two
anion vacancies is postulated in order to account for weakly allowed

transitions.

The computational model adopted in this work is analogous to that
for Tlo(l) centres (Mollenauer et al. 1983). However, the PbO(Z) centre
has two 6p electrons in the ground configuration whose electrostztic
interaction is comparable with both their spin-orbit interaction and
their interaction with the external crystal field. The energy-level
structure can be described in terms of three parameters: a spin-orbit
constant $ , a crystal-field parameter Y and a Slater integral F(Z)
(Slater 1960). Optimized values of these parameters are listed in Table
1, together with calculated transition energies and relative intensities.

2)

The adjusted values of ; and F show a modest (21%) reduction from
free~atom values. The three peaks observed in the measured excitation
spectrum are ascribed to the transitions from the 1z° ground state to
the 1TV, 27, 3TU and 3% excited states, with the third and fourth
transitions unresolved. Buth optical and non-radiative ¥ s D
transitions are rigorously forbidden; accordingly, the 1 §:+ state is
identified as the metastable emitting state. The observed emission

energy, 6250 cm |, implies a Stokes shift AE = 2250 cm !. From this
value and the full width of the emission band at half maximum, FWHM = 750
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cm—l, we infer a Huang-Rhys factor S, = 12 and an effective phonon energy

0
it = 90 cm 1. We conclude that the crystal-field model of the Pb0(2)
centre provides a consistent qualitative and quantitative explanation of
the observed spectra, and thus fully supports the identification of this

centre.

. . . -1
Table 1. Comparison of calculated transition energies (cm ) and
relative transition probabilities (arbitrary units) with peak positions

and relative intensities, respectively, of the excitation spectrum.

Optimized parameter values (cm-l) are: G = 5730, ¥ = 5282 and F(z)/ZS =
721.5.
transition energy relative intensity
transition theory expariment theory experiment
1Z7 -> 4" 37,990 -—- .028 ---
157 -> 3T, 327 28,700 28,700 .329 .41
127 > 2T 15,850 15,850 .640 .64
1L > 9,830 9,825 .366 .32
127 > 18’ 8,500 - .000 ---
1Z7 -> 287 6,790 --- 137 -—-
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TERM ENERGY CALCULATIONS AND OPTICAL SPECTRA
IN Cr>' - DOPED SPINEL - LIKE COMPOUNDS

F.M. Michel-Calendini, C. Linares, W, Nie, G. Boulon

Physico—-Chimie des Matériaux Luminescents
Université Claude Bernard de Lyon-Unité associée au CNRS
69622-Villeurbanne (France)

3t = doped spinel -~ like compound

Emission and absorption spectra of Cr
like ZnAl,0, have been performed. Under “A, = “T, excitation, the
emission spectrum exhibits at 4.2 K a complex structure : i) the %E - “A,
line at 686.3 nm relevant to the regular octahedral site, associated with
the vibronic spectrum, ii) another line *E - “A, at 688.5 nm due to a
perturbated octahedral site, iii) the lines due to agregates and iiii)
the “*T, - “A, broad band connected either to the octahedral sites in
which thermodynamical equilibrium between *E and *T, occurs or to a low
crystal field site. The different unequivalent sites may be related with
the inversion rate of spinel-like structure whose process appears more
simple in ZnAl,0, than in MgAl_,O,. Such spectroscopic studies are of the
highest interest to understand the nucleation mechanisms in vitreous or

gel matrices where Cr>' ion plays the role of the nucleating agent.

The apparition of these various structures in optical spectra is clearly
related to the local geometry at the impurity site, then, the obtentien

3* at the various sites in

of theoretical electronic structures of Cr
these materials is of the main importance for their interpretations. To
this end, the term energy diagrams of cr3t trapped in purely or nearly
cubic sites have been obtained using the electronic structures calculated
with a molecular orbital model and a local spin density method, as in

perovskite' and magnetoplumtite® like oxvdes. The energies of the lowest



excited terms such as *E and “T, allows to get the usual Dg and B
parameters used to obtain the complete term energy diagram both for
ZnAl,0, * Cr™ and ZnCr,0,. The crstal field strength is studied in

comparaison with results obtained for similar materials like Al,0, and
MgAl,0,. These results are the starting point in the interpretation of

the evolution of optical spectra of Cr2' in the sol-gel materials.

1 ~ P. Moretti and F.M. Michel Calendini, Phys. Rev. B, 36, 3522 (1987)

2 - F.M. Michel Calendini,
Advances in Laser Science III - Proceedings of the 1987 International
lLaser Science Conference American Institute of Physics - Atlantic
City (1988)
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For  real crystals, the corrections are small. They vary between

{% ang 8% for BGahs, {dTe, Agkr, TIiCl, tCl and RbCl. For Nall ang LiF,
using +the +free electron mass as the effective mass, we obtain 17% and
15% {for  the «correctian, respectively., In systems with effective mass
larger than the free electron mass, the corrections can become much
larger.

{- Jd. Iak, 3Solid GState Fhysics vol.27, ed. by Ehrenreich, Seitz and
Turnbull, Academic Press (1972), p.1

2- ¥, Lépine and Y. Frongillo, submitted for pubiication

- D. Mat:z and B. L. Burkey, Fhys, Rev, BI, 1487 (1971
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A COMPUTER SIMULATION STUDY OF THE Vi CENTER
IN ALKALI HALIDES USING HARTREE-FOCK CLUSTERS.*

A, B. Kunz and Ravindra Pandey
Physics Department

Mich*gan Technological University
Houghton, Michigan

49931 USA.

The Vi center in alkali halides has long been considered as an
X5 molecular ion resulting from the combination of a neutral halogen
atom with one of its twelve neighboring halide ions inside the lattice.
It is a charged molecular defect of quantum-mechanical nature and is
associated with substantial local distortion around the X; molecular
ion in the lattice. Thus the lattice distortion and polarization need
to be consistently incorporated with the electronic structure in the

theoretical analysis of the V| center in alkali halides.

In this work, we simulate the V) center in several well-defined
simple models using the program packages, UHF and ICECAP. The UHF code’
treats the molecular cluster consisting of the X, ion and its nearest-
neighbor ions in the unrestricted Hartree-Fock self-consistent field
(UHF-SCF) approximation and provides correlation correction to the
UHF-SCF solution for the cluster by means of many-body perturbation
theoryl. On the other hand, the ICECAP codezincorporates Hartree-Fock
molecular cluster in a shell-model lattice with accurate cluster-lattice
consistency, and thereby includes, in a rigorous and self-consistent

manner, the electronic structure with the lattice distortion and
polarization, which in earlier studies were treated approximately,

or were neglected3’“.

Progress will be reported for the ground state of the
Vi center in alkali halides obtaining the internuclear separation
of the two flourines in Fi molecule, the energy stabilization of
the distorted center versus the Ty~ molecule ion in a perfect-

lattice configuration and the spin-density.
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Annihilation on percolation cluster!
SmoluchovsKki theory and numerical experiment

A.G.VitukhpousKy,B,L.Prttel,.I.M.Sckoloy

P.N.Lebedev Physical Institute.Leninsky Prosep.,33;
117924 Moscow, USSR

The problem of triplet exciton annihilation in mixed molecular solilds
is extensively investimsated both theoretically and exrerimentally.Often
such systems can be adequately modeled by fractals [1,2].In this rerort we
present some results concernins the Kinetics af A+As0 react:ion on an
incirient percolatinag cluster in two-dimensional case.

The simplest theoretical approach to describe bimolecular reactions s
10 deal with Smoluchovski arproximation.In suck an arpproach the
concentration decay is given by equation

dn 2
— = -Ctin
It &)
where reaction rate coefficient is

B2 -
Cét) = 23 KPi-e ‘b%c::é)’

[+

Here D is Ffractal dimsnsion, Yo - recombination racius,K- fractal

diffusion coefficient, © - anomalous diffusion exegnent.The pair
distridution Ffunction satisfies the fractal diffusion equation (31!

3 4 (9> »-4-6
—-& = K DBl o~ o~ __(é._.
;) r @ A g (1
with 5,(010):4. (er<oe> . §n,t)=0,3(=x0=4, For
two-dimengional incirient  infinite — cluster D=31/48,6=0,844 anc

coeFficient K is connected with 82 = Oim C{C%{_—))/’fi’/(zre)) by

< [r(%) e T qece2
P53 ) (2ee)/(**®

where <€ﬁ9§> is the mean sauare displacement of a particle durina thz
time t and Dg= 21}/(2-1-9) % 4/3 .For a percolation cluster on a ssuare
lattice 28 =4, and K=0,54 .The numerical solution of (i) shcws that for
t P o0
/2

-
net)= 013 (Kt) (2)

The asymptotical behavior of g.(f,f:) is

2Lt6
A r
iy- P(e-%s L0
§at) 2 ) K@rariE
where P{(x,y) is the incomplete -function.The numerical experiment on
a eercolation cluster on a sauare lattice sives P(t) =035 ¢ « This

is arproximately twice as given bv (2) and corresponds to substitution in
(2)K=02.The difference between the values is due to multirarticle effects.
The exrerimental and theeoretical curves (for K=0.2)for rair distribution
function are shown on fia.l
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THEORETICAL SIMULATIONS OF TRIPLET CELF-TRAPPED
EXCITONS IN Si0, AND KC1 CRYSTALS

Shluger A.L., Shidlovskaya E.K.
Latvien Stete University, Rainis 19, Riga, 226098 USSR

Now there exist strong experimental evidences for the
gelf-trapped triplet excitons (TE) in alkali halidesl)
both crystelline and amorphous silicon dioxidea). However,

and

their electronic and spatial structure 1s not clarified so
far. The present work is aimed to perform self-consistent
theoretical calculations of the electronic structure, ionic
configuration and spectroscopic properties of there exci-
tons in P ~-crigtobalite and KC1l meking use of the many-elec-
tron model of & defective crystals. The semiempirical INDO
version of the Unrestricted Hartree-Fock-~Roothesan method
without spin~-projection was employed along with the embedded
molecular cluster (MC) model for the locelized exciton in
the crystal. The corresponding energy of the singlet-triplet
excitation here equals the difference of two total self-con-
gistent energles of singlet aad triplet states (A SCFP) be-
ing 6,3 eV and 6,8 eV for KC1l and 53-cristobalite respecti-~
vely (cf. with the experiment 7,7 and 8.5 eV). The triplet
.pin densities are delocalized over all cations of the uC's
used (Si11022 and K240124) which means quasi-free excitonic
state.

It 1 shown that self-trapping of the TE in [¢ ~cristo-
balite arises mainly due to the =~ 0,3 A - displacement of
the regulur oxygen ion into the interstitial position anc
guch breaking down of a Si-O bond that the spin density ds
ulmost equally divided between 3i and O ions of this bcnd.
The triplet-singlet emission (resulting in & perfect latti-
ce restoration) peaks at 2,6 eV (exp. 2,8 eV). The abscrp-
tion energy obtained by means of the restricted configura-
tion interaction and arising due to an unpeired electron lo-
calized on Si ion of the broken bond is 5,6 eV which is clo-
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se to that of the E' centrez). The results obtained con-
firms the TSTE model in 8102 as the nearest pair of the
complementary E' centre and non-bridging oxygenz). The
experimentally observed lerge spin-spin interaction con-
stant (D=22,6 GHz) in our model comes from the close spins
of these defects. )

In its turn, the self-~trapping of TE in KCl results
due to the approach of two Cl-ions, nearest aslong the <110)
axis, to within the distance =5 a,u. and cutward displace-
ments of two nearegt cations (along direction perpendicu-
lar tc Vi axis) by 0,6 a.u. resulting in a gain of the
total energy 1,2 eV. On the average the TE symmetry is CZV
since the cross-~section of the adiabatic surface as the ho-
le component (Cl,”) vibration iy very flat - its displace-
ment by 1 &a.u. the energy increases by C,05 eV orly! The
electron localizetion in the TE depends essentially on the
position of the Cl, with respect to the anion site: when
it is symmetricel an unpaired electron is locelized in the
cpace between the 012- nuclei, whereas for & shifted posi-
tion its spin Jdensity becomes to be redistributed toward
an anion vacancy left behind. This is in agresment with ex-
perimental date for ENDCR and optically detected ESR, argu-
ing for a small asymmeciry in the STE position along the
<110> axis and yielding the isotropic constant of the hy-

1). Qur calcu-

perfine interaction close tc that of F centre

lation of the triplet-singlet (J7 -luminescence) yields 3,4

eV (exp. 2,5 eV), whereas for an optical absorption of the

TE electronic component calculated value 1,8 eV is close to

the experimental ( =~ 2 eV 1)).

1. Itoh li. Adve in Phys. 1982, v. 31, p. 4Si.

2. 8ilin i.R., Trukhin 4. Point defects and elementary ex-
citations in crystalline and glassy 5i0,. Riga, Science
(in Russian), 1985, 276 p.

3. Shluger i#.L., Kotomin E.a., Kantorovich L.N. J. Phys. C.;

Solid State Phys., 198¢, v. 19, p. 4183.
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SHORT-LIVING FRENKEL-TYPE DEFECTS 1T T1Cl

D.K.Millers, L.G.Grigorjeva, A.V.Iomojev

Solid State Physics Institute of the Latvian
State University, Riga, USSR

It is & well known fact that glow peaks are obsgerved in
thallium halides /1,2/ either after X-ray or UV light irra-
diation at liguid nitrogen temperature, or after p -irradia-
tion at RT. j -irradiation of T1C1l at RT leads to the forma-
tion of colloids /3/ responsible for the broad absorption
peaks at ~2,5 eV.

This gives & clear evidence that defects are generated
in thallium halides under irradiation. However, the absorp-
tion bands formed due to point defects are not observed. The
present study deals with induced absorption in the T1iCl. The
samples were irradiated at LIIT by the electron beam pulse
(pulse duration - IO ns, the acceleration voltage - 0,3 LV).

During the irradiation pulse induced absorption appea-
red. It was short-living and consisted of two bands (Fig.I)
epproximately at I,25 and 2,4 eV with the helf-widths 0,3
and 0,T eV, respectively. The induced absorption decasy can
be described neither with the first nor the second order
law. In the time region 50-2000 ns the decay of both absor-
ption bands was similar (Fig.2) and followed approximely
the same decay law. However, in the time region 3 - 8 ms
the decay of the band centred at 1,25 eV was unlike to the
band centred at 2,4 eV.

Thus we can agsume that both absorption bands were
produced by the short-living Frenkel-type defects generated
under irradiation. The initial stages of the absorption de-
cay can be due to the recombination of the Frenkel-type de-
fects. As the energy of the electron beam is not sufficient
for knock-on mechanism we suggest that Frenkel-type defects
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are due to the nonradiative transitions from the excited elec-
tron gtates of the crystal.

I. V.A.Sokolov and A.N.Tolstoi, Optike 1 Spektro-
skopiya, I8, 97, (I965).

2, L.G.Grigorjeva, D.KE.Millers, Radiation Physics and
Chemistry in Ionic Crystals, Abstrects, Rige, p.264,
(1983).

3. V,G.Artyushenko, V.V.Voitsekhovskii, L.S.Kornienko,
I.5.Lisitskii, A.6.Ribaltovskii, phys. stat. sol.,
85, I67, (1984).
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SELF-TRAPING OF HOLES AND EXCITONS IN Al;03 CRYSTAL

P.Kulis, Z.Rachko, M.Springis, I,Tale, J.Jansons

Institute of Solide State Physics, Latvian State University,
8 Kengaraga Str., RIGA 226063, USSR

It is shown that bath holes and excitons are
self-trapped in undoped Al O crystals. The self-trapping of
holes occurs below 200 K (the corresponding TSL peak at
220 K) whereas excitons reveal two configurations - A and E
ones ([1l. A-configuration is associated with the well-known
luminescence band at 7.5 eV, but E-configuration produces an
additional one discovered, by us luminescence band at 3.8 eV
being related to the (self-trapped hole + electron) centre
whose spectroscopic parameters (6=0.35 ev, Y =280 ns,
1,/1;=0.8 at 80 K [11) ditfer 4rom the Ft centre
luminescence.

The conclusion about hole self-trapping is proved by the
facts:

(i) the TSL peak at 220 K is the first low-temperature hole
one as follows from the photostimulated hole release
from V centers,

(ii) the hole centres responsible for TSL peak at 220 K are
involved in the low-temperature (T<200 K) tunneling
luminescence (hv=4.3 eV) of pure crystals,

{iii) the TSL at 220 K observed +for undoped crystals is
caused by diffusion-controlled tunneling recombination
of holes, which follows from very inertial increase of
the luminescence intensity after step-like temperature
increase (see {21 and the Abstract at the present

Conference by E.Kotomin et al). The corresponding
activation energy of process - £E=0.68 eV. The relatively
small <frequency +factor 10 ~-10 54 being essentially

less than that of the phonon frequencies is typical for
diffusion processes,

(iv) the spectral composition of the TSL at 220 K is
identical with that of the tunneling luminescence
(h¥=4.3 eV),

(v) the spectral composition aof the low-temperature elec-
tronic TSL peaks is the same as for E-band of the
self-trapped exciton,

(vi) the TS peak at 220 K could be produced by the light
with the energy exceeding the gap energy only (fig.1),
(vii) the total concentration of impurities is so small (less
than 10 ppm) that it excludes the hopping hole migration

via impurities.
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In its turn, the excitaon self-trapping in
A-configuration is proved by:

(i) the maximum of the A-band excitation corresponds to the
excitonic band at 8.85-9.05 eV at 80 K (fig.l) where
mobile uncharged electronic excitations are produced (it
follows from the creation spectrum of the self-trapped
holes) ,

(ii) the half-width of the excitation band is 0.15 eV,

(iii) the A-band does not arise in the TSL peaks at &0, 100,
220 K and at high temperatures.

g 1T ';.",5
5 Al fE
U~
—ost STH St :
1'- L {
85 90 95E.eV 200 600 t,ns
Fig.1l. Fig.2.

Finally the exciton self-trapping in the E-configuration
is proved by:

(i) the luminescence spectrum of the electronic TSL peaks at
60 and 100 K (i.e. below the 220 K peak) coincides with
the E-band (3.8 eV),

(ii) the E-band excitation spectrum falls into excitonic band
(i.e. the same as +for the A-~-band of luminescence) and
involves also band-to-band region,

{iii) there 1is a rearrangement of two exciton configurations:
the A-band decay 1is accompanied by the E-band growth
($+iq9.2),

(iv) the temperature quenching of the A-band produced under
electron irradiation is also accompanied by the E-band
increase.

1.P.Kulis, 2.Rachkao, M.Springis, I.Tale, J.Jansons. Izv.AN
L5SR.Ser.fiz. i tehn.nauk, 19827, v 2, p.30.
2.1.Tale, P.Kulis, V.Kronqhauz. J.Lum.1979, V 20, p.343.
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OPTICAL PROPERTIES OF TWOFOLD CGORDINATED Si, 62, AND Sn ATOMS QN
AMORPHOUS SILICON DIOXIDE

L.N.Skuja
Institute of Solid State Physics, ratvian Scate university
kengaraga isia &, 226003 Riga, Latvian 55k, uUS3K

A characteristic optical absorption band at 5.03 eV ("B’ - bana} is
present in reduced or irradiated giassy 5il;. Pnctoexcitation into this
band gives photoluminescence (PL} bands at 4.3 and Z.45 eV. Given the
correlation of the B, band with an oxygen aeficit, it is often ascrioed
to oxygen vacancies. However, it was shawn /1/, that it is more likely
due to twofald coordinated S: atoms with only 2 oxygens nearoy (512
ctenters, Z-coordination, - net charge). The purpaose af this paper 1s to
show, that oe and Sn impurity centers in Si0, have properties, simiiar
to Si; center and form series of isoeiectronic defects.

SAMPLES: neutron-irradiated (10" n/ce®) high purity glassy Sid,,
10%6ed, 704510, glass, Sn-doped i0.1%) glassy 5i0,.

RESULTS AND DISCUSSION. The parameters of the Si, Sn and be - related PL
centers are given in the table.

Dopant Silintrinsic) G2 Sn
Low PL peak energy 2.65 eV 3.05 ev 3.1 eV
energy Excitation peak 3.3(%),5.03 ev 3.7, 5.2 eV 3.7, 4.7 s\
PL peak Lifetime (300K) 10.2 ms 109 us 10.0 us
High PL peak energy 4.3 eV §.2 eV 4.0 av
energy Excitation peak 5.03 ev 5.1 ev 4.7 ev
PL peak Lifetime (300K) <4 ns {20 ns <20 ns

Certain trends, common to all three types of dopants are clearly apparent,
Each dopant gives rise to two PL bands. The low energy (LE) emission 1is
excited into two excitation bands, while the high energy tHE) PL band -
anly i1n the HE excitation band. Tne HE FL bands decay very fast, whiie tne
lifetimes of the LE FL bands are relatively iong, temperature
independent in the range 80-300 K and decrease with the atomic number of
the dopant. The LE PL bands are polartzed “cut of plane" when excited
with linearly polarized light in the HE excitation bangs.

The relations between the parameters of LE and HE PL bands for each
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type of dopant are typical for triplet ano singlet bands of a single,
strongly iccalised PiL center. The clase values of the respective
parameters of the Si, Ge and 5n - based centers indicate, that &sil these
centers probably nRave simiiar structures.

The steep decrease of the lifetime of the LE FL bands with the atamic
nusber of gopant 1§ characteristic for the tripiet-to-singlet PL. A
guantitative analysis of these changes of iifetime was performed. [f ane
assumes, that the spin-orbit coupling is aeteramined largely oy a single
atom (the "central field" approximation /2/), then, using a number of
ather approximations, it can be demanstrated, that

1/’C’ ~ E3§2‘
where T - radiative lifetime of the triplet state, E - energy of the
optical transition, g - spin-arbit coupling energy for the p-electron
in a np2 configuration in=2,3,4). For Si, Ge, and S5n €=17.6, 109.1 and
260 meV respectively /2/.

The dependence of in!{'/T) on lnlfsgl) is shown below. The slope of the
straight line is 1.14, i.e. the
observed dependence is indeed
1 close to linear. This canfiras,
that the LE PL bands are triplet
ones, and that Si, Ge and Sn
based centers are isostructural.
Hence, similarly to /1/, Ge and
. L Sn-based centers are due to two-

10 14 [n(Eégz)(olc coordinated Ge and Sn atoss
with only two oxygens nearby ana the LE FL bands correspond to 3!;—’1A1
transitions (in C,, local symmetry).

The triplet PL lifetime data are inconsistent with the oxygen vacancy
model, because the vacancies, neighbouring 1 or 2 impurity atoms amust
yield sharply different lifetises of the triplet PL. However, in the
cancentration range of Gel, fram 20 ppm up to 10% LE PL decay is repre-
sented by a single exponential component with¥T =109 us.

On trappoing of a proton Siz,ﬁe: and Sng centers transform into the
well known ESR-active H(I), H(I1) and H(IIIl) centers, distinguished by
proton hé¢ splittings of 7.4, 11.9 and 15.0 mT. They correspond to 3-fold
coordinated Si, Ge or Sn atoms, neighboring two oxygens and a proton,

In(1/t)
-4

-6
-8

—

t.L.N.Skuja, A.N.Streletsky, A.B.Pakovich Solid State Comm.50,104649(1984)
2,8.P.Mc6lynn, T.Azumi, M.Kinoshita Molecular spectroscopy of the
triplet state, Prentice Hall, N.J. 1769,
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MAGNETIC FIELD EFFECT ON THE DECAY PROCESSES OF
TRIPLET LOCALIZED EXCITONS IN KBr:I

Takuya Mukai, Ken-ichi Kan’'no and Yoshio Nakai
Department of Physics, Kyoto University, Kyoto 606, Japan

Recently, we pointed out that the spin-lattice relaxation (SLR) in the
triplet self-trapped exciton (STE) in KI is governed by the one phonon proc-
ess, while that in KBr is governed by multi-phonon process.!) This differ-
ence was attributed to the difference in the zero-field splitting energy of
the triplet STE, which is [I3+e] for KI and [Br5+e] for KBr. 1In this point
of view, it is interesting to investigate the relaxation mechanism of the
{IBr +e) hetero-nuclear excitons in KBr:I.

-2 2 3 45 10 20 (K} 8 4 5 1020 K
10 T T T T VI T 10 E L L Trvrr T
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Fig. 1 Temperature dependence of (A) lifetimes and (B) SLR rates

of the 3,54 eV emission in KBr:I.

Lifetimes of 3.54eV emission which arises fram the [IBr +e} relaxed
exciton in KBr:I were measured from 1.9 K up to 80 K under one-photon exci-
tation with ArF-excimer laser. The decay curve consists of two exponential
components (the slow, Tg, and the fast, 1¢) at low temperatures (Fig. 1(A)).
At high temperatures, a rise component (t1,) was observed. These results
indicate that the initial state of the emission is a triplet which splits
into nearly degenerate two B levels and a single A level (see the inset in
Fig. 1(A)).2) Temperature dependence of the SLR rates between A and B lev-
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els can be determined from the observed values of the lifetimes, as already
reported on the triplet STE in pure alkali halides.!’ As seen in Fig. 1(B),
not only the upward phonon transition rate W,pe but also the downward phonon
transition rate W,y decreases in lowering temperature. As detailed in ref.
1, if the one-phonon process is dominant, W is expected to remain constant
at low temperatures because of the spontaneous phonon emission. Therefore,
instead of the one-phonon process, multi-phonon process must be assumed in
the SLR mechanism of the [IBr~+e) relaxed excitons.

In order to estimate the zero-field splitting energy Epy Of the [IBr™
+e] relaxed exciton, we measured lifetimes at 4.2 K under magnetic field
parallel to the <110> crystal axis. As shown in Fig, 2, the time constant
T¢ remains constant up to 11 kG, while the slow component {15) separates
into two components (tgy and Tgp). The time constant Ty, decreases mono-
tonically with increasing magnetic field, while Tgp takes a minimum value at
9.2 kG. This behavior is quite similar to the case of CsI observed by
Fowler et al.3 ) According to their theoretical consideration, we can conc-
lude that the component (14;) arises from the relaxed excitons whose molecu-
lar axes are parallel to the magnetic field, and the minimum point of T4

corresponds to the crossing of A and B lev~ 102 N ——
els. From the magnetic field at the minimum i KBr:1
point of Ty, (9.2 kG), Ep, was found to be 42x Hocnio
0.11 meV., Because of such a small Epar 10”J; 0004,
which corresponds to 1.3 K, the density of S fe Ooo %
2]
phonons which can resomate with Ep, is = . T % °]
small. Therefore, two-phonon Raman process ;_ e
will exceed the one-phonon process even at 2 g i * o ]
K in [IBr~+e] relaxed excitons in KBr:I. : Tat "o ]
= L ]
gt .\.’*"H
o Tr
1) T. Mukai, O. Arimoto, K. Kan'no and Fraet et p by
Y. Nakai: Proc. Int. Conf. Luminescence,

Beijing, 1987, J. Lumin, (in press) TV N S A T T T S T Y W
2) K. Kan'no, H. Nakatani, T. Mukai, 0 5 10
0. Arimoto and Y. Nakai: J. Phys. Soc. MAGNETIC FIELD (KG)

Jpn. 55 (1986) 2443. Fig. 2 Magnetic field de-
3) W.B, Fowler, M.J, Marrone and M.N, Kabler: pendence of lifetimes of the
Phys. Rev. B8 (1973) 5909, 3.54 eV emission in KBr:I.
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RED EMISSION AND TRAPPED-HOLE CENTERS PRODUCED BY DE-EXCITATION OF
LOCALIZED EXCITONS IN KCl:I AND RbCl:I

Ken-ichi KAN'NO, Koichiro TANAKA and Yoshio NAKAI
Kyoto University, Kyoto 606, Japan

It is known that photo-excitation into the localized exciton absorption
of mixed alkali halides gives rise not only to the luminescence fram relaxed
excitons but also to the formation of color centers.1'4) In KCl:I, two-
photon excitation with an N, laser pulse (2hv=7.36 eV) is very effective for
such photo-induced defect formation.?2! Interestingly, major parts of re-
sulting color centers are intrinsic F and H centers. In addition to these
intrinsic defects, it was pointed out that sane other defects were also
formed.z) In the present work, we report on an evidence for the formation

of luminescent hole centers under the excitation of localized excitons in

KCl:I and RbCl:I. Fig. 2
Fig. 1 |
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Figure 1 shows the luminescence spectrum of KCl:I stimulated by the
irradiation with N, laser pulses at 9 K. A prominent luminescence band with
decay time 20 ns has been induced at 1.81 eV with the half-width 0,22 eV,
along with three well-known emission bands (called NE, UV, and BG) due to

localized excitons. 5)

Its intensity grows under repeated N, laser irradia-
tion in exactly the same way as the absorption intensity of induced F band
does (Fig. 2). After a prolonged irradiation, a stationary situation is
attained, saturation value of the emission intensity depending linearly upon

the N, laser power. Therefore, this emission results certainly from the
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one-photon absorption of the N, laser by a new type of defect which has been
produced together with F center under the two-photon excitatior with preced-
ing laser pulses. That is, the red emission results neither fram the radia-
tive recambination of short-lived defect pairs, nor fram the tunneling lumi-
nescence of long-lived defect pairs. The presence of a similar emission
band was confirmed also in RbCl:I (peak: 1.67 eV, half-width: 0,20 eV, decay
time: 30 ns).

Fig. 3
Absorption bands responsible KC1:1  LHeT
for the red emission were reveal- 9 RED EMISSION

ed by checking with an excitation
spectrum in the KCl:I crystal
which had been uniformly colored
by the previous N, laser irradia-

ENISSION  EXCITATION

INTENSITY (a.u.}
n

tion. As shown in Fig. 3, a
clear excitation peak appears at
3.75 eV with the half-width of i}

1.5 2 2.5 3 3.5
0.53 eV. An additional small PHOTON ENERGY (eV)

4 4.5

peak is seen at 2.75 eV with relatively small half-width ( 0.2 evV). It is
to be noted that these features are very similar to those of the absorption
bands due to the intrinsic H center.®’

In this measurement, the crystal was stimulated with moderate light
intensity for a long period. Intensity of the red emission, however, did
not decrease at all during the experiment. erefore, photo-stimulated
defect recambination will be ruled out as the origin of this emission. In
other word, it is very likely that the red emission comes from the radiative
decay of a relaxed excited state of the stimulated defect itself.

1) M.Maki, N.Nagasawa and M.Hirai: Solid State Commun. 17 (1975), 1409.

2) M.Itoh, K.Kan'no and Y.Nakai: Solid State Commun. 26 (1978), 929,

3) Y.Nakai and K.Kan'no: Semicond. and Insul. 5 (1983), 505.

4) O.Arimoto, K.Kan'no, K.Nakamura and Y.Nakai: J. Phys. Soc. Jpn. 53
(1984), 70.

5) T.Higashimura, H.Nakatani, M.Itoh, K.Kan'no and Y.Nakai: J. Phys. Soc.
Jpn. 53 (1984), 1878.

6) C.J.Delbecq, J.L.Kolopus, E.L.Yasaitis and E.L.Yuster: Phys. Rev. 154
(1967), 866; C.J.Delbecq, E.Hutchinson, D.Schoemaker, E.L.Yasaitis and
P.H.Yuster: Phys., Rev. 187 (1969), 1103.

190




TU - P42

COLOR CENTERS IN SUPER IONIC CONDUCTORS RbAg,I_ AND KAgAl5

Teruyoshi Awano and Mikihiko Ikezawa™
Department of Applied Physics, Tohoku Gakuin University,
Tagajo 985, Japan
*Department of Physics, Tohoku University, Sendai 980, Japan

Alkali silver iodide super ionic conductors RbAg4I5 and KAg415
have the high ionic condu.tivity above 121.8 K. We have
investigated optical properties and defect formation in the two
crystals. The fundamental absorption band was observed at 3.30 eV
in RbAg4I5 and at 3.31 eV in KAg415 at 77 K. Small peaks were
observed at 3.40 eV (RbAg415) or 3.41 eV (KAg415). Assuming that
the peaks are n=1 and n=2 exciton peaks of the Wannier series,
the band gap energy is estimated as 3.44 eV in the two crystals.

This value is different from a previously reported one.l)

X-ray
and 7-ray irradiation at 77 K induced absorption bands at 1.35,

1.80, 2.05, 2.35 and 2.85 eV in RbAg4I5 and at 1.75, 2.05, 2.4
and 2.9 eV in KAg415. The induced absorption spectrum in KAg4I5
is very similar to those in RbAg4I5 as shown in Figs. 1 and 2 and
induced defects are probably the same in both crystals.
Previously it had been reported that an absorption band was
vapor at room temperature, and the one-

2
Ag+—vacancy trapped hole center model had been proposed.z) The

induced in RbAg4I5 in I

2.85 eV peak in RbAg4I5 seems to be caused by the same product in
the case of the additive coloration. Compared with alkali halide
crystals, RbAg4I5 and KAg4l5 are colored in the lower temperature
region by the irradiation or by the vapour addition.

The 1.80 eV and 2.35 eV bands (RbAg415) or 1.75 eV and 2.4 ¢V
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bands (KAg415) were bleached by irradiation of 1.80 eV (RbAg4IS)
or 1.75 eV (KAg4IS) light. These two bands were bleached also by
irradiation of 2.85 (RbAg415) or 2.9 eV (KAg415) light but in
this case the 2.85 and 2.9 eV bands were not bleached.

Similar ESR spectra were observed in both crystals. Main
structure was one peak near g=2.0 and several small peaks wora
overlapped. This signal was not. bleached by the irradiation of
the sample with 1.80 eV light (RbAg415) and seemed to belong to
the center which caused 2. 85 eV absorption peak. This signal may
be interpreted as that from a Ag+~vacancy trapped hole center
with spin 1/2. Several small structures may be super hyper fine
structure by surrounding iodine ion nuclei. The detailed

investigation is under way.
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Fig. 1 Fig. 2
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OPTICAL PROPERTIES AND COLORATION_ OF ALKALI SILVER HALIDES

Mikihiko Ikezawa, Teruyoshi Awano™, Keiichi Edamatsu™™,
Takao Nanba, Tomochika Matsuyama™™™ and Hitoshi Yamaoka™™™

Department of Physics, xx Department of Applied Physics,
Tohoku University, Sendai 980, Japan
x Department of Applied Physics, Tohoku Gakuin University,
Taga,jo 985, Japan
xxx Research Reactor Institute, Kyoto University, Kumatori,
Osaka 590-04, Japan

Ions of the alkali (A), silver or copper (M) and halogen (X)
constitute the alkali silver halide or the alkali cuprous
halide crystal of the AzMXs formula. ' %’ The symmetry of the
crystals is orthorhombic and it belongs to the Dzn'® of the
space group. In Fig. 1 the positions of the ions projected on
the ac—-plane and their heights in the unit cell are shown for
K2Agla. *? The number 1, {1 and II1 in the parentheses in the
figure indi~ate different lattice sites. We have investigated
the energy b.'nd structure, optical properties of the intrinsic
absorption, ihe luminescence and coloration.® ®> 1In the alkali
silver halide, the bottom of the conduction band is formed from
the 55 orbital of silver and the uppermost valence band mainly
from the p-orbitals of the bhalogen. In the alkali cuprous
halide, the conduction band and the valence band are formed
from the 4s and 3d orbitals of the cuprous ions. ®’

The reflectivity spectra were measured with linearly pola-
rized 1light along the three directions of the crystal axis in
the energy region from 4 to 30 eV. By the Kramers-Kronig
analysis, spectra of the dielectric constants were caiculated.
The absorption spectra were interpreted consistently with the
encrgy band structure. The fundamental absorption bands were
~hserved at 4.4 eV in the alkali cuprous halides and at 4.4 to
4.9 eV in the alkali silver halides. The excitation in the
intrinsic absorption region induced only an intense luminescen-
ce band in alkali cuprous halides (KzCuCla, K2CuBrs etc.). From
the life time and its temperature dependence, the luminescence
is interpreted to be due to the ®Das state of the cuprous ion
placed in an approximate Dza symmetry. On the other hand in the
alkali silver halides of KzAgla and RbzAgls, the intensity of
the luminescence induced by the excitation in the intrinsic

absorption region was weak even at low temperature. The emis-
sion bands and the excitation spectra in the intrinsic ab-
sorption region showed complex temperature dependence. The

excitation in the intrinsic absorption region below 77 K with
UV  light induced coloration of the crystals. We consider that
the coloration occurs in the alkali silver halide and it does
not. in the cuprous halide because of the properties of the
valence and the conduction bands.

To get. high concentration of the defects in the alkali silver
halides, we have irradiated the crystals with X-ray or 7r-ray
at. low temperature. Examples of the spectra induced by 7-ray
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at 77 K and measured with linearly polarized light along the a-
b- and c-axes of the crystal are shown in Fig. 2 for RbzAgla.
Similar spectra were observed for KzAgls. The polarization of
the spectra indicates that the induced absorption bands at 2.5
eV and 3.2 eV have main transition dipoles along the b- and c-
axis of the crystal. From an ESR study it is concluded that a
hole center is formed at a single jiodine ion which has almost
the uniaxial symmetry.®’> The directions of the axis of the
hole center are shown by the dashed lines in ¥ig.1, which are
approximately along the c-axis.®’ Therefore, the 3.2 ¢V band
probably belongs to the hole center. A peculiar point is that
the hole is trapped only by the iodine ions at the sites 1 and
I1Y in Fig. 1 and not at the site 11I. When the temperature of
the irradiated sample was raised, the whole absorption bands,
as> well as the ESR signal, began to decrease simultaneously at
about 100 K and disappeared above 140 K. This is considered lo
be due to the electron-hole recombination and the 2.5 eV band
and another band at 2.9 eV in Fig.2 are possibiy due to trap-
ped~-eleclron centers.
References
1) C.Brink and C.H. MacGillavry: Acta Cryst. 2, 1568 (1849).
2) C.Brink and H.A. 8. Kroese: Acta Cryst. &, 433 (1952).
3) S.Sasaki, M. [kezawa, K. Sato, S . Kono and I, Sagawa: J. Phys.
Soc. Jpn. 52, 304 (1983).
4) K.Edamatsu, M. [kezawa, K. Sato, S.Kono and T. Sagawa: J. Phys.
Soc. Jdpn. 52, 1521 (1983).
5) K. Kdamatsu, M. lkezawa, H.Tokailin, T.Takahashi and 1. Sagawa:
J. Phys. Soc. Jpn. 55, 2880 (1986).
6y T. Awano, T. Nanba, M. Tkezawa, T.Matsuyama and. H. YomaoKa:
contributed paper in this conference.
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EFFECTS OF TWO-DIMENSIONAL DEFECTS ON EXCITONS IN BISMUTH _TODIDE CRYSTALS

T.Komatsu, T.Karasawa, K.Watanabe,+ T.Higashimura, T.Iida, I.Kaizu
and Y.Kaifu
Department of Physics, Faculty of Science, Osaka City University,
Sumiyoshi-ku, Osaka 558, Japan
+Department of Physics, Faculty of Liberal Arts and Education,
Yamanashi University, Takeda, Kofu 400, Japan

We show that there exsist three different types of two-dimensional
defects in layered 8113 crystals. The effects of these defects on
excitonic processes are studied by precise optical measurements and by
those under electric fields and high magnetic fields up to 40 tesla.

The two-dimensional defects apear often in close packed and layered
structures. They take several types of stacking disorder (stacking fault)
formed during crystalline growth or by deformation with shear type stress.
The most characteristic features of them in contrast with point defects
are: the translational symmetry of lattice is broken only along the
direction normal to the defect plane, and a two-dimensional symmetry
different from the bulk is newly constructed in the space containing the
defect plane. The phonon states around a stacking fault have been studied
theoretically by Lifshitz and Kosevich. 1) However, few experimental

.vestigations have been performed on the phonon and exciton states bound
at such defects.

The exciton states localized around the two-dimensional defects are
well realized in Bil;. Three kinds of transitions to these localized
statzs are observed in the absorption spectra depending on samples.

{1) The P~line is observed at the lower energy side of the indirect exciton

2)  From the temperature dependence

transition energy but very close to it.
of the absorption spectra, annealing effects of the deformation fault and
magneto-optical measurements, the P-line can be assigned to the transition
to the state associated with short range polytypic structures.

(2) Very sharp absorption lines named @, R, S and T from the high-energy
side are observed in the lower energy region close to the indirect exciton

transition energy. They have been attributed to the excitonic transitions
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localized at the two-dimensional defect-plane formed during crystalline
growth (growth fault).s) A model based on the cationic excitons (632->656p
transition in the cation) perturbed by the growth fault is proposed, which
is reduced from the X-ray structural analysess) and detailed optical
measurements under electric and magnetic f ield“ on these sharp lines.

(3) The transitions named W-lines grow up in the lower energy region than
T-line by the crystal deformation with shear type stress. They consist of
a line series named Wl, Wz, W3, ..., and the successive energy-intervals
become smaller with the lower energy side. The absorption intensity of
each line depends on how strong the crystal is deformed by a shear type
stress. In layered crystals, a shear type stress causes a stacking
disorder called deformation fault because of the Van der Waals type
interlayer weak binding. If deformation faults are formed in one layer,
two layers and so on, several micro domains with different thickness are
formed in the bulk crystal. In BiI3 crystals, such micro domains should be
constructed planar crystals with D3d symmetry 5) different from the host
03.1 symmetry. Magneto-optical measurements confirm the W-states are to
be excitonic origin. The successive energy intervals among the Wis Wy,

. lines are well explained by a simple model of exciton confined in

the micro domains.
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EPR STUDY OF HOLE TRAPPING AT CATION VACANCIES IN SILVER HALIDES*

C.T. Kao, L.G. Rowan, and L.M. Slifkin

Dept. of Physics & Astronomy, University of North Carolina
CB #3255, Phillips Hall
University of North Carolina, Chapel Hill, NC 27599-3255, USA

The top of the valence band in AgCl and AgBr is quite unlike that
of the alkali halides. It occurs at the (111) extreme of the Brillouin
zone (i.e., at the L-point), and it consists of a strong mixture of
silver d-states and halide p-states. One might therefore expect to find
trapped hole centers in the silver halides that are very different from
those in the alkali halides. For example, in AgCl the self-trapped hole
is centered on a single cation, rather than on a pair of anions. It is
thus of interest to search for hole trapping st cation vacancies in AgCl
and AgBr, and to identify the structures and stabilities of any centers
that might appear. There does exist some optical evidence(l) for deep
(0.4 eV) trapping of holes at cation vacancies in AgBr, but definitive

identification and structural information are lacking.

We are using electron paramagnetic resonance (EPR) techniques to
explore hole centers produced in both AgCl and AgBr crystals, in which
the concentrations of cation vacancies have been enhanced by doping with
45 - 100 ppm of divalent ca?* or an’(chosen because of the greatly
different vacancy bindings). In order to preclude the electron-hole
recombination that would occur if photocarriers were produced by band-
gap illumination, our crystals were also provided with a second dopant,

3+ or Cuz*

either Fe , which acts as a source of holes under sub-gap
illumination (hence, no photoelectrons are produced). The cupric and
ferric states are produced by prior annealing in halogen. We find that

the behaviors of AgCl and AgBr are quite different.

In AgCl:Cdz’, sub-gap irradiation produces at least two new
trapped~hole centers, one of which is converted to the other at
temperatures above 85K. This more stable center appears to have a [111]
symmetry, and it too becomes unstable at temperatures above about
200K. One possible model which is qualitatively consistent with the

pectra is an interstitial Cd3‘ (i.e., a hole trapped at Cdz’, originally
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substitutional ), associated with three cation vacancies. Another model
involves a hole shared by 3 chlorides, adjacent to a vacancy.

Quantitiative fitting of the spectra has not yet been carried out.

In the doped AgBr, the anneal in halogen produces a new resonance
(apart from those of the cupric and ferric ions) even before
irradiation; the intensity is proportional to the concentration of Zn or
Cd. The spectrum is best resolved with the magnetic field along (100},
in which case 7 lines can be resolved; the g-tensor appears to be
isotropic. Irradiation with sub-gap light reduces the intensity of this
spectrum, and no new lines appear. Qualitatively, these results are

3+ or Cd3+, associated

consistent with the presence of interstitial Zn
with 4 cation vacancies, and with the trapped hole only loosely bound,
so that it shows a strong super-hyperfine with the neighboring 4 bromide
ions. Quantitatively, however, the number and intensities of the lines
are not well described by such a model without some distortion.

Clearly, one needs to look at AgX in which the cation vacancies are
provided by other, non-transition divalent ions, such as Caz’. These

experiments are in progress.

Reference
(1) H. Kanzaki, Photogr. Sci. & Engr. 24, 219 (1980).

*Supported by NSF Grant No. DMR-8501059.,
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NONRADIATIVE DECAY OF EXCITATIONS IN DEFECTS
T

M. Wagner and Jorge Vazquez-Marque:z
Institut fiir Theoretische Physik, Universitat Stuttgart,
Pfaffenwaldring 57, 7000 Stuttgart 80, West Germany

Although the theoretical literature on the nonradiative decay
problem is rather extended, there still is a number of basic
questions which have not been answered in a satisfactory
manner. More specifically, it has not been understood in
detail, in which way the phonon transport properties, by
means of which the released energy is spatially dispersed,
affect the transition process. Likewise, it has not been
fully clarified, in which manner the spatial extension of the
respective coupling to the promoting and accepting modes
modifies the decay constant. Our approach aims at elucidating
these questions and emphasizes the role of phonon transport.

We treat the problem by means of a Green function technique,
and formulate the decay as a generalized Bixon-Jortnerl)
model. The result then can be written down in the form of a
single decay integral, which may be calculated numerically

to any desired degree of accuracy. The self-energy part of
this integral determines the decay constants and is discussed
analytically. It turns out that there exist at least two decay
channels, one of which may be interpreted as the ''golden rule"
channel, since it comprises the golden rule result as a
limiting case. The decay constants of the other channels are
determined by the spectral breadth of substructures in the
coupling strength function. The relative weight and decay
constants of the different channels depend sensibly on the
interplay of 3 parameter sets, one of which characterizes

the transport properties of the phonons, the other one the
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spatial coupling arrangement to accepting modes in cartesian
space and the final one pictures the spatial extension of

the promoting mode coupling. The interplay of these influences
is analysed for those cases which are of highest practical

utility.

We also investigate the alterations in the decay constants
which are due to disturbances of the lattice dynamics itself.
These effects arise from the changes in the transport proper-
ties of the phonons, which come from the very existence of
the defect center and may result in a strong suppression of

spatial energy dissipation.

Our calculations are done with the static base approach. For the
background of this approach as well as for its contrasting to
the adiabatic base approach and to the recent discussion about

the two approaches we refer to a recent paperz).

1) M. Bixon a. J. Jortner, J. Chem. Phys. 48, 715 (1968),
ibid. 50, 4061 (1969)

2) V. Denner a. M. Wagner, J. Phys. C: Solid State Phys.,
17, 153 (1984)
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SPECTRAL DEPENDENCE OF THE ODMR TRANSITIONS
OF THE BROMINE-BOUND STE IN AgCl

J. P. Spoonhower and F. J. Ahlers
Research Laboratories
Eastman Kodak Company
Rochester, NY 14650 USA

The modulation frequency and spectral dependence (emission and excitation) of the ODMR
transitions of the bromine-bound self-trapped exciton in AgCl have been measured at 24
GHz. All the measurements indicate that the lines marked A, B, and C in the figure
arise from the same defect in the lattice. Thus, the assignment of Yamaga and Hayes
(1) of the lines B and C to the exciton configurations perpendicular to the Ag-Br axis
is confirmed.

(1) Yamaga, M, and Hayes, W, J. Phys C: Solid State Phys, 15, L75-9 (1982) J. Phys.
C: Solid State Phys, 15, L1215-9 (1982). -
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ROLE OF THE CATION ON THE FORMATION OF HALOGEN
AGGREGATES IN X-IRRADIATED ALKALI HALIDE CRYSTALS

M. BERNARD, E. RZEPKA and S. LEFRANT
Laboratoire de Physique Cristalline (UA CNRS n® 802),
Université de Nantes, 2, rue de 1a Houssiniére,
44072 NANTES CEDEX 03, France.

Most of the positive hole centers created in irradiated alkali halide
crystals have been characterized by either u.v.-visible absorption or
EPR measurements. The use of quasi-resonant Raman scattering technique
has been developped these recent years and proved its usefulness to
determine a more precise structure for centers which are not
paramagnetic (1). Most of the studies have been devoted to iodides
because quasi-resonant conditions are fulfilled with available laser
lines and more recently extended to bromides with the use of u.v.
laser excitations. In pure crystals such as KI, Rbl and KBr
X-irradiated in the temperature range 100-250K, X3_ complex ions (X

halogen atom) are evidenced by the observation in the Raman spectra of
their stretching vibration. These centers are linear and symmetric.
When c¢rystals are irradiated at room temperature, only halogen
aggregate (12)n are observed in KI whereas both Br3—, Brs_ and (Br2)n
are seen in KBr. In RbI, these aggregates are not created and only 13'
are detected in the Raman spectra, even after high doses of X ory

rays.

In this paper, we present optical and Raman results obtained in mixed
iodide crystals KI-Rbl and in RbBr X-irradiated near room temperature
in order to investigate the role of the cation (or the cation vacancy)
on the formation of halogen aggregates. In KI-RbIl crystals, only 13-
centers are observed, as in pure Rbl. In RbBr, Raman modes are

detected at 165, 262 cm !

together with their first harmonic (see
Figure), characteristic of the stretching vibration of Br3_ (165 cm-l)
and of BT5— (262 cm-l) respectively. The main point which has to be

emphasized here is the absence of (Brz)n aggregates which are mainly
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characterized by a mode at 297 cm~
Results are discussed in terms of vacancy formation in the cation

sublattice since cations must be removed from the lattice in regions

1

where the halogen aggregation occurs.

is associated with energy transfer in a collision sequence during
irradiation and it turmns out that this transfer is strongly limited by
a large cation mass. This is in agreement with our experiments carried

out in crystals in which large Rb jons are part of the host lattice.

as observed in KBr (see ref.

The cationic vacancy formation

T

Raman spectrum of RbBr crystal X-irradiated at room temperature :

laser line = 351 nm 3 T = T8K.

REFERENCE

1

E. RZEPKA, M. BERNARD, S. LEFRANT and J.D. COMINS
Cryst. Latt. Def. and Amorph. Mat., 17, 113-117 (1987),

and references therein.
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STUDIES OF COLOUR CENTRES IN LiYF4 CHYSTAL
Fang Shugan, Le zhigiang
Shanghai Jiao Tong University
Department of applied rhysics
1954 Hua San Road
Shanghai China

In the experiments, when the samples of LiYF4 crystal are
irradiated by ¥ rays at kT, five - polarised optical absorption
bands centred at 275nm, 335nm, 430nm, 53%0nm and 630nm, and five
n polarised optical abgsorption bands centred at 255nm, 3%t nm,
410nm, 530nm and 630nm, are observed. At LNT, three broad
fluorescence bands centred at 0.72um, 1.164m, and 1.63u4m, which
exciting peaks are at 410nm and 470nm, 630nm, and 555nm respec-
tively, are measured for the first time.

When the coloured LiYF4 crystal is illuminated by le-he laser
with wavelenth of 632.8nm, the 630nm band reduces remarkbly,
and appeares a new absorption band centred at 555nm which is
overlapped with 555nm exciting peax. But the 55tna band is
unstable at RT, and it will reduce to 630nm band. hevertheless,
the 555nm band is stable below the temperature of -20°C. By the
methods of annexaling and illuminating, it is found that the
changes of 410nm, 530nm, 555nm and 630nm bands are independent
of the F band centred =2t 335nm. After annealing at 100°C, the
sample shows that, 410nm =2nd “30nm bands decrease, and 67Onm
band increases. According to the height of 630nm and 55Ynu
apoorption peaks in o and m polarised spectra, it is revealed
that the colour centres of 630nm and 555nm bands form the
angles of about 63° and 61° with the ¢ axis respectively.

Examination of the crystal structure indicates that, in prin-
ciple, four different types of F2 cantre are possible, distin-
guished by the letters A, B, C and D in Fig.?. It is inferred
that, the centre of 630nm band is the F2 centre of type B, and
the centre of 555nm band is the F2 centre of type a. By experi-
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ments, we conclude that, the F2
centre of type A is movable at RT,
through the migration of anion, it
will turn from type A to type B,
in which the ground state energy
is lower. 1ln lower temperature, it
is difficult that the anion mig-
rate in the crystal, so the F2
centre of type A can exists stably

below the temperature of -20°C.

On the basis of continual medium

model, the F2 centre is equivalent Fig.1. Schematic projection

to a quasi—H2 molecule. The co- of the unit cell of LiYF4 on
valent bond theorem of H2 molecule to the ac plane.

is applied. The different F, centre's ground state energy,

exciting state energy and tiansition energy are caculated. The
mean potential of all ions in crystal is introduced to correct
the energy of different F2 centre approximately. The results of
caculation conform to the results of experiment very well, and

confirm the conclusions from the experiments.

Heferences

G.M.Renfro, L.E.Halliburton, W.A.Sibley and R.F.Belt,
J. Phys. C: Solid St. Phys., 13(1980; 1941-50

Spero Penha korato and Tania Cristina A. Macedo,
Radiation Hffects, 1983, Vol.72, pp.229-235

R.E.Thoma, C.F.Weaver, HeA.Friedman, H.Ilnsley, L.A.Harris and
H.A.Yakel, Jr., J. Phys. Chem. 65, 1096(1961§

C.Keller, H.Schmutz, J. Inorg. Nucl. Chem. 27, 900(196%)

W.Hayes, M.Yamaga, D.J.Robbins and B.Cocxayne,
J. Phys. C: Solid St. Phys., 13(1980),L1011-5

K.H.Yang and J.A.DeLuca, Phys. Rev. B, Vol.17, 4246, 1978

Levine Ira N. wuantum Chemistry 2d ed. Boston, Allyn and Bacon,
1974

John C. Slater, Quantum Theory of Molecules and Solids, Vol.1l,
1963
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THE FORMATION OF VACANCIES DURING THERMAL DECOMPOSITION OF
ATXALINE EARTH ROXIDES

Barsova L.I., Yurik T.K,.
Institute of Physical Chemistry of the Academy of Sciences
of the USSR, 117915 Moscow, Leninsky prospekt, 31
The thermal dehydration of Mg(OH)2 to Mg0 is known to be
accompanied by unusual side reactions: a release of H2, 02
and the arising of electron-donating and electron-deficient
species on the surface (e.g. /1,2/).

In the present study surface and bulk enionic vacancies
(Vas’ Va) and bulk cationic vacanciea (Vc) formed when poly-
crystalline Mg(OH)2 and Ca(OH)2 is dehydrated by heating in
vacuo have been detected. Those vacancies have been identi~
fied through observation of parsmegnetic F), F'and Vg, -
centres, which arose after x‘-irradiation of the samples at
77K /3/. In oxides characterized by the absence of efficient
generation of intrinsic radiation defects the concentration
of the FP-and V-type centres corresponds to the number of
anionic and cationic vacancies before irradiation /4/.

The formation of anionic vacancies during dehydration of
ug(OH), to MgO can be examplified by direction /001/ lig-OH-Oki
-Mg~0H-OH~Mg of Mg(OH)2 atructure, which after release of
water molecules is transformed to Mg~Va-O~Mg—Va~O-Mg followed
by rearrangement of the hexagonal structure to the cubic Mgl
lattice. Anionic vacancies can be trapped by the surface as
well as in the bulk of the novel structure. Dehydration
involves the interaction between neighbouring OH~ ions as
well ag between those separated by severai lattice parameters
(as a result of the proton diffusion)., According to this
scheme the concentration of anionic vacancies in oxides is to

increase during dehydroxylation also.
In Mg0 samples with large specific surfaces (1/{0-200 ng‘i)
anionic vacancies are localized preferentially on the surface

while in MgO and Ca0 samples with specific surfaces 0,5-3.0
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m23'1 bulk anionic vacancies are ovserved., As the temperature
of treatment rises the concentration of vacancies increases
(to max. 10'8z=7) but then it declines to 10'9-10"%¢~7 (cao,
1270 K). The IR-spectra of the oxide samples demonstrated
that the concentration of anionic vacancies increased in the
temperature range of existence of bonded OH-groups. The drop
of the concentration of anionic vacancies can be accounted
ior by their recombination with interstitial anions.

Aéationic vacancies arose during the formation of the oxide
lattice aa compensators of charges of inovalent Me+3 cations
and OH™ anions. In x‘-irradiated samples they appeared es
VMe3+ and VOH - centres., In contrast to the anionic vacancies
the concentration of cationic vacancies does not change with
an increase in the temperature of treatment. The hole centres
of V-type have not been observed in the Yy -irradiated samples
of Mg0 and CaO with a low concentration of isolated OH-groups.
Pairs of anionic and cationic vacancies, which are unable to
trap holes but capable of trapping an electron to form P-
centres possibly arose in this temperature range.

1. lartens R., Gentsch H,, Freund F. J. of Cat., 1976, v.44,
p.366.,

2. Cordischi D., Indovine V., J,Chem.Soc., Faraday Trans.,
1, 1976, V.72, p.2341.

3. Spitsyn, V.I., Bersova L.I1I., Popova G.Yu., Yurik T.K. Izve-
stiye AN SSSR ser.khim., 1976, str.963.

4., Spitsyn V.I., Yurik T.K., Izvestiya AN SSSR, Seriya khim.,
1982, p.755.
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LUMINESCENCE OF NON RELAXED IODINE BOUND
EXCITONS IN AgBr ?

W.Czaja et Y.Burki
Institut de physique appliquée de 'EPFL
CH-1015 Lausanne , Switzerland

The iodine bound exciton in AgBr has a well known absorption - and
emission spectrum at low temperatures , see !) and the literature quoted
therein . After prolonged low temperature illumination and repeated
utilisation , weakly doped and unintentionally doped samples show a
change in the spectrum from the normal form fig.la to the fig.1b ,
which in its extrem form is stable . As already remarked in ref.2 after a
suitable thermal treatment ( 24 - 48 hours at 200 ¢ C in vacuum and
slow cooling to room temperature with 7.5 to 5 degrees per hour )
the original spectrum can be restored . Moreover , in time resolved
luminescence at short delay times 1 < 100 ns and in the limit of weak
excitation , a so called Q-spectrum has been observed ( fig.2 )3 which is
believed to be related to the presence of iodine impurities . For long
delay times the normal ijodine bound exciton luminescence fig.la shows
up . The Q-spectrum has been found to be identical with the stable
"deformed” spectrum of fig.1.b observed with continuous excitation 4)
( see also fig.2 ) .

(a}
Ag Br
T-2 K
I 1000 %
< 6 ¢
-
4
-t
2| (b)
P
<
~
< 6 b
2 22 23 2 25 % e
Fig.l : a) Normal iodinc bound exciton luminescence spcclrum . continuous ecxcitation .
b) lodine bound exciton luminescence  of the same sample after prolonged usc at low
temperature .
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We report in this contribution that the luminescence excitation spectra
of the normal bound iodine luminescence fig.la and the "Q" spectrum in
fig.1b are identical in all essential features , i.e. the respective initial
states are formed via the same processes .

Fig.2b
Fig.2a
-
2.50 2.55 2.60
Energy (eV) —=
~t t -+ +
-2.50 2.55 2.60 2.65

Energy (eV) —»

Fig.2 : a) lodine bound exciton luminescence spectrum , time resolved with a delay
< 100 ns . b) Same as fig.1b with higher resolution .

As a working hypothesis we propose : since the respective initial
states are identical , the Q-spectrum is the unrelaxed luminescence
whereas the normal Iluminescence spectrum only appears after
relaxation . We discuss further evidence and consequences of this
working hypothesis

Finally we mention that the broad spectrum at low energies in Fig.la
has an cxcitation spectrum different from that of the Q-spectrum .

1) A.Testa , W.Czaja , A.Quattropani and P.Schwendimann ; J. Phys. C
20, 1253 ( 1987)
A.Testa , W.Czaja , A.Quattropani and P.Schwendimann ; J. of Phys. C :
to be published ( 1988 ) .
2) W.Czaja and D.Baeriswyl , RCA Rewiew , 36 , 5 (1975) .
3) Th.Kleinefeld , H.Stoltz and W.von der Osten ; Sol. Stat. Comm. 31, 59,
(1979) .
4) W.von der Osten : private communication .
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PHOTOLUMINESCENCE, PHOTOCONDUCTIVITY AND THERMOLUMINESCENCE
IN Eu2* DOPED ALKALI HALIDES

1.Aguirre de Carcer, F.Cusso and F.Jaque

Departamento de Fisica Aplicada, C-IV, Universidad Autonoma de Madrid
Cantoblanco, 28049 Madrid (Spain)

It has been reported that a slow non-exponential luminescence
after-glow appears in EuZt doped alkali halides after Xenon flash-tamp, Nz
laser or X-ray excitation. The nature of this luminescence, that only
appears in annealed samples, is not well understood yet. In the present
work, the after-glow processes have been investigated by means of photo-
Juminescence (PL}, photoconductivity (PC) and thermoluminescence (TL) tech
niques in Eul* doped NaCl. KC1, KBr and KI single crystals.

LUMINESCENCE. The excitation spectrum of the after-glow (AG) lu-
minescence for EuZ* doped NaCl is presented in Figure 1, where the Eul*
absorption is also given for comparative purposes. As can be seen, the AG
luminescence is only excited
in the high energy region of

E 3
o G the Eu2* doped KC1, KBr and
s Z  KI. In relation with the AG
Y o s .
32 = emission spectrum, it agrees
w & in all cases with the emi-
=
2 © ssion bands associated with
=] wn
3z 2 Eult,
o PHOTOCONDUCTIVITY. Photo
tg g conductivity signal has been
w Eﬂ detected under UV excitation.
; % Figure 2 shows the PC respon-
2m 300 400 se as a function of the exci-
WAVELENGTH(OM) tation wavelength for KC1:
Eult. It is observed that the
Figure 1.- Excitation spectra of the PC spectrum agrees with the
after-glow for NaCl:Eu2* (0). Copti- AG one and corresponds essen-
nuous Tine corresponds to the Eu . .
absorption. tially to the high energy
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absorption band of the Eu2*. A
similar result is obtained in
NaCl, KBr and KI.
THERMOLUMINESCENCE.
TL emissions have been found
after UV excitation at LNT.
Several glow peaks, in the

temperature range LNT to RT,
appear. Figure 3 shows the TL
spectrum of KI after 250 nm
excitation. The emission
spectra of the TL peaks are
again coincident with that of
the EuZ* jons. After these
results, it can be concluded
that under UV excitation Eul*
photoionization occurs. The
free electrons migrate through
the conduction band and are
trapped in several electron
traps from where they are
thermally released. The pre-
sence of a variety of traps
can account for the kinetics
and the temperature dependence
of the AG process.

Figure 3.- Thermoluminescence
spectrum of KI:Eult after
excitation at 250 nm at LNT.

THERMOLUMINESCENCE

INTENSITY (a.u.)

PHOTOCONDUCTIVITY {a.u.)

2+

- KCl: Eu
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300

WAVELENGTH|nm)
Figure 2.- Photoconductivity res-
ponse as a function of the excita-
tion wavelength for KC1:Eu2*.
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ON THE NATURE OF THE BROAD OPTICAL ABSORPTION BAND IN LiNbO3

F. Agullo Lépez
Universidad Autonoma de Madrid, Spain
Canto Blanco, 28034 Madrid

E.R. Hodgson
C.I.E.M.A.T.
Avda. Complutense, 22. 28040 Madrid, Spain

Experiments have been performed irradiating stoichiometric Lﬂ%ﬂ3
at 20 °c with up to 1.8 MeV electrons in a Van de Graaff accelerator.
For electrons of energies above 1.0 MeV one observes the growth of a
broad absorption band at about 550 nm. This threshold energy 1is in
agreement with previous work on congruent LiNb03, and has been
associated with oxygen displacement damage (l). The induced optical
absorption band, undistinguishable from that produced by thermochemical
reduction, is apparently identical in both the stoichiometric and
congruent samples. However, whereas in the congruent case the
radiation induced band is stable to above about 450°C, in the stoichio-
metric case the band is highly unstable and anneals out by about 70°C.
The behaviour is complex (see figure). On irradiating a sample at
20 °C above the energy threshold, the band grows with irradiation time.
On heating to 70 °C the band completely anneals out, but on re-
irradiation immediately recovers the intensity previous to annealing.
However, on heating to above 250 °c full annealing is achieved, and

on reirradiation the band again grows slowly from zero with irradiation

time.
irradiate i heat ° drradiatel heag irradiate
60 min | to 70°C| 5 min | to 250°C : 35 min
] | | | |
S |
S e ——male
“ 4 |
a | | |
5 |
1) | | |
a l
8 ' I | l
| | t
a | I ! |
n 1 ]
t T t T t
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The fact that the observed optical damage, although annealing out
by 70 OC, may be restored by a very short reirradiation, 1s indicative
of the existsnce of an unobserved residual damage. It is also clear
from the observed threshold that the optical damage and the residual
effect are associated with oxygen displacement damage. The short time
scale involved in the restoration of the optical absorption band follow-
ing annealing to only 70 °c is consistent with a purely electronic
effect. This has been confirmed by performing the reirradiation below
the threshold energy. One may therefore conclude that the residual
damage is directly connected with the oxygen displacement, which only
anneals out above 250 °C. It is reasonable to suggest that the residual
damage is due to oxygen interstitials trapped within the lattice. The
observed reversibility 1s more consistent with a situation involving
oxygen vacanciles and interstitials, rather than large lattice rearrange-

ment during irradiation.

Further work 1s in progress to ascertain the possible role of im-

purities such as Fe, in the trapping of oxygen interstitials.

1) E.R. Hodgson and F. Agulld Lopez, Solid State Comm. 64, 965 (1987)
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EFFECTS OF VARIABLE TL SPECTRA ON TL DOSIMETRY
H M Rendell and P D Townsend
School of Mathematical and Physical Sciences,
University of Sussex
Falmer, Brighton BN1 9QH
East Sussex
UK

A very wide range of materials are being used for
radiation dosimetry in thermoluminescence measurements. For
personnel applications one has control over the preparation of
the samples (for example LiF:Mg:Ti) and the dose range is
small. ‘One therefore expects that all samples will produce
the same emission characteristics throughout the relevant dose
range. In the case of archaeological and geological
applications this simple situation ceases to exist, since one
is dependent on the natural mineral constituents of the
samples. Not only is there no control of the impurity content
but one must often use a multigrain, or a polymineralic

mixture which has received large radiation doses.

During the last 10 years we have been recording the
d-tails of the TL emission spectra of a variety of materials
as a function of origin, dose conditions and thermal or
optical stability. In many cases it has become apparent that
the conventional TL readers employing a broad band blue/UV
filter and blue sensitive photomultiplier can 1lead to a
significant misinterpretation of the signals, as monitored
over a wide spectral system. One such example is an
assessment of 'shock' historvy of meteorites by the ratio of
low and high temperature glow peaks. Whereas a simple 'blue’
system suggests an intensity ratio of say 8:1 a wide band

spectral system gives 200:1.

Widely differing TL spectra are apparent in natural

crystals and in some cases such as obsidian or quartz one may
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attempt to use the spectral characteristics to indicate the
site of origin. Obsidian has been used in interlaboratory
calibrations of radiation sources. The valuable features of
the material are that for a specific source one has a
reproducible and linear TL dosimeter. However with a
conventional filter and photomultiplier system the number of
observed glow peaks is dependent on the filter used. The
reasons for this are apparent from the complete spectral
analysis. For an intercalibration of similar intensity 90Sr
sources which were packaged to provide different mixtures of
the fast electron (2.27MeV and 0.54MeV) and X-rays, the source
strengths determined by obsidian dosimetry were not in
agreement by a factor of up to 8. 1In part this is interpreted
as a difference in sensitivity to X-ray or electron radiation
(ie LET) but the differences in ionisation rate in the crystal
may also be reflected by changes in the emission spectra of
the TL, with the resultant changes in detection sensitivity.

Geological dating applications use accumulated dose in
‘natural dosimeters' 1like quartz and fieldspar grains to
determine age. Zeroing 1is assumed to have occurred by
optically stimulated detrapping prior to deposition and
burial. Laboratory 'bleaching experiments' to assess this
base level have been undertaken and the subsequent TL
monitored in wvarious spectral regions. Once again it is
apparent that the TL spectra change and are strongly modified
by storage and bleaching conditions. Failure tc allow for

these variations produces valueless results.

In all materials studied so far it has been apparent that
TL measurement taken without regard to changes in emission
spectra may be misleading.
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RADIATION-INDUCED DEFECT CENTRES IN «-Al,0,
R A Wood
School of Mathematics and Physical Sciences
University of Sussex
Falmer, Brighton BN1 9QH
East Sussex
UK

The problems involved in measuring neutron fluxes inside
nuclear reactors has led to a search for a reliable neutron

dosimeter.

Certain types of optical damage in «-Al,0, have been shown
to exhibit a high degree of stability over the temperature

range required for such a dosimeter.

Sapphire has been proposed for diagnostic windows in the
JET fusion project at Culham, England. Also, large sapphire
dielectric windows are being considered for use on

electron-cyclotron resonance heating systems.

As pact of the iavestigat ton into the defect centres in
alumina, optical absorption measurements have been made, at
Sussex University, of sapphire specimens which have been
irradiated with neutrons over a temperature range of several
hundreds of degrees. Also, the dynamics of defect growth have
been observed in-situ during ion implantation, using the 3 MeV

van der Graaf accelerator at Sussex.

Results and discussion of growth kinetics, and optical

profiles of neutron-irradiated samples, will be given.
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RADIATION DAMAGE IN NaCl: STORED ENERGY AND MODEL CALCULATIONS®

J.C. Groote, J.R.W. Weerkamp, J. Beersma and H.W. den Hartog.
Solid State Physics Laboratory
University of Groningen
1 Melkweg, 9718 EP Groningen, The Netherlands.

Among the problems encountered if one wants to dispose of high level
radioactive waste from nuclear power plants in rocksalt formations are
those associated with radiation damage and stored energy. Although many
investigations have been carried out in a large number of laboratories
there are several questions, which are still unanswered. In the present
paper we will address some of these questions. New results will be
presented on the

- dose rate effects;

- the role of impurities and

- the effect of the irradiation temperature.

We have investigated large numbers of samples, which had been
irradiated by means of a van de Graaff electron accelerator. The total
dose received by the samples is chosen between 2 and 25 Grad. The dose
rate is varied from 12 Mrad/hr to 135 Mrad/hr, but more experiments
below 12 Mrad/hr and above 135 Mrad/hr are planned for the near future.
The effect of the presence of impurities has been investigated
employing dopants such as Li, K, F, Br, Mn and Ba; also the effect of

the concentration of the impurities has been investigated.

In our irradiation facility we irradiate simultaneously a large number
of samples (as described above) at different temperatures in the range
between 50 - 200°C. The irradiation runs, which have been carried out

until now took 24 hours to several months.

The radiation damage has been investigated by means of DSC

(differential scanning calorimetry) sometimes combined with TL
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(thermoluminescence), optical absorption spectroscopy and some other
methods such as EPR and Raman scattering. These methods provide us with
important information such as the colloid concentration, colloid size,

the presence of F and coagulated centers.

It appears that the development of Na-colloids and molecular chlorine
"bubbles" is influenced drastically by the presence of impurities.

Several examples will be discussed.

In an earlier paper we have treated some of the experimental data
published in the literature with a modified Jain-Lidiard modell'z).
Recently, we have added more modifications in order to explain both the
formation and annihilation of radiation damage (during a DSC run).

Results of simulations using the new model will be presented.
1) U. Jain and A.B. Lidiard Phil. Mag. 35A, 245 (1977).

2) G. van Opbroek and H.W. den Hartog J. Phys. C. (Solid State
Physcis) 18, 257 (1985).

This research project is financed partly by the Dutch ministry of

Economic Affairs.
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RADIATION-INDUCED ABSORPTION BANDS DUE 'f0_CHLORINE-RELATED
DEFECTS_IN a-SiOg_

H.Takada, Y.Suzuki, H.Kimura and M.Hirai

Department ot Applied Physics, Faculty of Engineering
Tohoku University, Aramaki-Aoba, Sendai 980, Japan

As recently reviewed in references 1 and 2, radiation-induced
“intrinsic” deferts such as oxygen vacancizs (E’) and oxygen hole
centers (OHC) in amorphous silicon dioxide {(a-5i0:) were intensively
investigated with optical and spin resonance methods. However,
impurity-related radiation defects are not understood satisfactorily.
Especially, with respect to detects associated with chlorine (1),

few experimental data are available,3) It is important to clarify
the radiation effect due to Cl impurities, for varinus applications
such as radiation resigstivity of optical fibers and MOS devices. In

this paper, we report optical absorption bands originating from (l-
related defect centers in a-Si0; induced by ¥y -ray irradiation, and
discuss the structure and the generation mechanism of the Cl centers.

The a-Si0; samples were commercially synthesized by an Ar plasma
method, The OH contents were lower than 1 ppm. The dose rate of
the ¥ -ray from 6°Co source was of 9.4 x 104 R/h.

The curve A in Fig.! shows the induced abhsarption spectrum ot a-
5102 containing 3900ppm Cl after the ¥ -ray exposure ftor 9 hours,
vhile the curve B shows that of ] free (<5 ppm) a-5i02. The
samples were held at 77K during the irradiation and the optical
measurements., The difference between curves A and B 1s apparent
around 3.0eV and above 5.5eV as seen in the difference spectrum shown
by the curve (7. This difference spectrum is attributed to the 1n-
duced defects associated directly or indirectiy to Cl impurities.

The crystal showing the curve A wvas fractionally and successively
bleached by light illuminations with different photon energies, 1.e.
1.8V, 3.0eV and 1.0e\'. C(onsequent.ly, the curve A was decomposed to
the three (aussian bands peaking at 2.2de\, U.498eV and 1.495eV as
<shown in Fig.2, respectively. The peak energy and the halt width
(0.86eV) of the 2.21eV band suggest that the band is the OHC band.??
Since the absorption around 3eV on curve C in Fig.1 seems to consist
of the 2.98eV and 3.95eV bands, these bands can be attributed to the
Cl-related defects. Sinre the dichroic behavior of the ¢.98e\ band
implies a molecule defect as its origin, we tentatively assign it to
a diatomic chlorine ion (Clz2-) as established in alkali halide crys-
tals. ) (n the nther hand, we attributid the 3.95eV band to an 1n-
terstitial halogen atom (("l°) as contirmed by the ESR spectra by
Griscom and Friebele,3) The similar temperature dependence ot the
isochronal hleaching of the 3.95e\V band ta that of the ('l° ES, signal
intensity supports the above assignment,
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The fact that the absorption above 5.5eV in the curve C in Fig.l
is photo-bleached simultaneously with the 3.95eV band and that the
peak energy is close to that of the E’ center (5.8eV) sugdgest that
this band is caused by an E’' center neighboring to Cl° according to
the tollowing reaction: Si - C1<TZSi-(E’) + Clo.

a-Si0,at 77K A
T 1.5F Total Dose=1.5x10%R 1
5 A:Cl ~3900ppm
B:Cl <Sppm c
w 9T c:a-B P
w ;
e /
A
. 0.5} 78~ |
[4p]
o | e
< ATV
00— % %
PHOTON ENERGY (eV)
I.5 T T v
- a-Si0; with C1:3900ppm at 77K
‘e Total Dose = 2.7x10% R
Zoop Measured 1
. Composed
w.
=
o 0.
“
0.0 e tesraty: i

2 3 4

PHOTON ENERGY (eV)

Fig.1 ¥ -ray induced ab-
sorption of a-Si0; with
3900ppm (curve A) and
less than 5ppm (curve B)
of chlorine. Curve C is
the difference between
curves A and B.

Fig.2 Absorption bands
(dotted curves) in ¥y -ray
induced absorption in
a-S5i0; with 3900ppm of
chlorine (solid curve ).
Dashed curve is composed
with dotted curves.
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AN EPR Y OF X-RADIATION DAMAGE IN Eu?*-DOPED BaFBr

R. S. Eachus and R. H. D. Nuttall
Research Laboratories
Eastman Kodak Company
Rochester, NY 14650 USA

This is a preliminary report of a spectroscopic study to determine the role of europium
in the radiation damage of barium fluorohalides. Takahashi et al. (1,2) have studied the
stable products of X-radiation damage in Eu2+-doped BaFBr by optical, electrical and EPR
methods. While their assignment of the trapped electron states as F-centres is not cur-
rently in doubt, their reported observation of the oxidation of Eu2+ to Eu3+ is surprising.
EPR studies by Nicollin and Bill have shown Eu2+*is substitutional for Ba2+ in this
material (3). Since the impurity is divalent, charge compensation by lattice defects is
unnecessary and it should have a low coulombic cross section for hole trapping. At low
dopant levels, direct ionisation of the dopant during X-irradiation is unlikely, so that a
valence state change necessitates a secondary reaction with mobile intrinsic radiation
damage products. Atomistic defect calculations by Baetzold suggest that an exciton
collapse mechanism to produce F- and H-centres is energetically favourable in BaFBr (4).
Thus, if hole trapping by EuZ+ does indeed occur, it probably involves a reaction with
mobile H- or Vy-centres.

The present study was undertaken to identify the secondary hole centres produced by
bandgap irradiation (E>8.7 e¢V) and to monitor their interaction with dispersed Eu2*
centres in BaFBr. This material crystallises with the PbFCl matlockite structure in the
tetragonal space group P4/nmm (5). EPR spectra were obtained from oriented single
crystals of nominally pure materials after their exposure to X-rays at 77 K. The spectra
were obtained at 25 K using 50 mW of microwave power. Under these conditions, EPR
signals from the F-centres were broadened, generally preventing their resolution. From
rotation studies in selected crystal planes, the spectra were assigned to a Br;~ Vy-centre
oriented with the internuclear axis about 35° out of the ab plane. This assignment is
consistent with the predictions of atomistic defect calculations (6) and with the results
of similar EPR studies on BaFCl by Yuste and coworkers (7). At 120 K, the Vi centre
began to decay as the result of thermally induced diffusion. At 150 K annihilation
was complete.

The irradiation experiment was repeated on a series of samples containing between 1 and
100 mppm Eu2+, Even at concentrations less than 10 mppm, the yield of V-centres
was significantly reduced by the europium dopant. Eu2+ is paramagnetic and was easily
detected by EPR in the crystals prior to and following X-irradiation. In all cases, the
concentration of Eul+ did not decrease as a result of X-ray exposure at 77 K, nor did
it change when the irradiated samples were annealed above 120 K. These EPR studies
indicate there is no propensity for Eu?* to react with Vk- or H-centres in BaFBr.
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Our results are consistent with recently published luminescence studies by Sun and Su
(8). These authors have presented clear evidence for ¢lectron trapping, by Eu”" in powders
of BaFBr exposed to X-rays, but have shown that the resultant Eu * has a low recom-
bination cross section.

1. K. Takahashi, J. Miyahara, and Y. Shibahara, J. Electrochem. Soc. 132, 1492 (1985).
2. K. Takahashi, K. Kohda, and J. Miyahara. J. Lumin. 31 and 32, 266 (1984).

3. D. Nicollin and H. Bill, J. Phys. C: Solid State Phys. 11, 4803 (1978).

4. RC. Baetzold, this conference.

5. BW. Liebich and D. Nicollin, Acta Cryst. B33, 2790 (1977).

6. R.C. Baetzold, Phys. Rev. B 36, 9182 (1987).

Z. M.) Yuste, L. Taurel, M. Rahmani, and D. Lemoyne, J. Phys. Chem. Solids 37, 961
1976).

8. X. Sun and M. Su, paper AF09, International Conference on Luminescence, Beijing,
August 17-21, 1987.
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NONLINEAR POLARIZATION SPECTROSCOPY OF FE-CENTERS IN KC1
Boiko S.A., Brodin A.M., Dykman M.I., Lisitsa M.P.,
Tarasov G.G., Voska R.? FPeldvari I.®
Institute of Semiconductors of AS UKR.SSR, Kiev, USSR

¥Research Laboratory for Crystal Physics of the Hungarian
Academy of Sciences, Budapest, Hungary

The spectroscopy of self-induced change of light polarization
(SCLP) is seemed to be the effective technique for study of
the dynamical properties of reorienting centers in alkali ha-
lide I'Z. We report on the investigation by means of this
technique the F2 centers in KC1. F2 centers have D2h gymmet-
ry and reorient in field of radiation resonant with MF tran-
gitions. The latter process results in SCLP effect in cubic
crystal.

For theoretical consideration of SCLP we suppose that reori-
entation is absent in the ground electronic state while the
excited F2-center reorients in such way that F-electron and
the nearest anion interchange only. In this approximation the
self-indv 'ed change for light, propagating along the[OOIjaxis
is described by nonlinear differential equation

d?f =iF -3 PN ox e yv-nt?,

X -v?2f , (D
U+ Daf + X0+ 2=

F =500 = 1P 200X 2 ).

Here x, y directions are parallel to(IOQ)axes; z-coordinate
is taken in units ZﬂzoN\ where N is the concentration of de-
fects; X'z is resonant polarizability of F, centers for Te
light polarized perpendicularly to the center axis,

F(v) =

The orientation of polarization ellipse and the degree of
ellipticity are defined by parameter Qf. The direction of
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turn of polarization at small crystal thickness depends on
the orien‘cationoco of linear polarization for incident light
within the interval O°<o(.0< 45°, Such dependence ig typical
for the{IIQ)centers and does not appear for the{IO0)or the
{Ill)centers in cubic crysteal.

The experimental dependence of angle between the major se-
miaxis of polarization ellipse for radiation passed through
the crratal and the [IC(ﬂ cryatalline axis on corresponding
angle o, for incident light is
¢L°+ shown in Fig.I. The turn of pola-
rization ellipse equals to of-of_.
As can be seen from Fig.,I the an-
zular dependence of SCLP is comp-

4o

lex, nonmonotonous. All qualita-

tive features of curves I-4 are

L well described by Eq.I, if one

Lo J‘Oo uses simple gaussian approximati-
on. The sharp dependence o((,) may

be obtained from Eq.I and is ob-

20

0 20
Fig.I The dependence of on

oLy for ditferent wave-
lengths:I - 510.7 nm, 2~ gerved experimentally in some

534 nm, 3 - 573 nm, 4 - spectral range., Note, that the
590 nm. theoretical dependences are very
sengitive both to the energy positions of MFI’ M’FE trengiti-
ong and to the parameters of Fz-center on the whole.

I. Boiko S.A.,Valakh M.Ya., Dykman M.I. et al. Fizika tverd.
tela, 1986, 28, 2769.

2. Boiko S.A., Brodin A.M., Valaskh M.Ya. et al. Fizika tverd.
tele, 1987, 29, 22I2.
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INVESTIGATION OF IMPURITIES IN CUBIC CRYSTALS BY MEANS OF
NONL 1ZATION CTROSCOP

Boiko S.A., Brodin A.M., Valakh M.Ya., Dykman M.TI.,
Lisitsa M.P., Taerasov G.G., Shpak A.M.

Institute of Semiconductors of AS Ukr.3SR, Kiev, USSR

In defect crystals there appear the significant nonlinear op-
tical effects in the range of resonant absorption already at
comparatively weak optical fields. The investigation of these
ones allows to obtain the important data on the properties of
defects. The effect of gelf-induced change of light polariza-
tion (SCLP) in impure cubic crystals is the matter of parti-~
cular interest. The study of SCLP effect and its spectral
dependence provides both the fine information on relaxation
mechanism for weak-bound impurities and on the dynamical
characteristics of the impurities with several eguivalent
orientations within the unit cellI. In the latter case SCLP

may manifests itself even in the nonlaser fieldJ?l

Here we present the results of FA(Li)-centers in KCl crystal
investigation by means of SCLP gspectroscopy. The question of
physical SCLP mechanism in this system is bound tightly with
the question about the selection rules violation in the FAI
~gorption band which is open to argument. This violation
may be caused by revealed i 3 and used for interpretation of
experimental data i »2 off-center position of Li* ion in
FA-configuration. In fact, however, recent evidence suggests
that alternative mechanism is actual for the violation and
we give here arguments for its dynamical nature.

The experimental (points) and the theoretical (solid curves)
spectral dependences of SCLP in KCl with FA(Li)—centers are
plotted in Fig.I. The SCLP effect is due to the optical ori-
entation of centers which results in optical anisotropy of
cubic crystal. In FAI and FA2 bands the center sbgorb predo-~
minantly the light polarized along and perpendicular to its
axis respectively. If the selection rules are hold the SCLP
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ald P N acd
500 550 600 A, nm
Fig.I Spectral dependence of maximum
SCLP angle in KC1 with F, (Li)-centers.
Arrows point out the absérption peak
positions. Radiation propagates along
the [00I] axis.

effect will not appear
in FAI-band because all
centers will be orien-
ted in [OOI] direction
for used experimental
geometry. In case of
selection rules viola-
tion caused by off-cen-
ter Li* the SCLP spec-
trum should coincide
with the absorption
one. However, as can
be seen from rig.I,

the spectral peak of
SCLP is somewhat shif-
ted versus the corres-
ponding absorption one

towards short wavelengths. The nonadiabatic mechanism of se-
lection rules violation may be responsible for observed shift.

It consigts in mixing of wavefunctiona of nondegenerate and

degenerate excited electronic states caused by the local vib-
ration near FA—center. The shift of peak shown in Fig.I just
corresponda to frequency of the local vibration. The consis-
tent theory taking into account the mechanism under conside-
ration makes it possible to describe quantitatively the spect-
ral dependence of self-induced turn of polarization ellipse
and change of the degree of polarization in crystal with dif-
ferent optical density, where the maximum angles of turn vary

from 2-3° up to 40°,

I. Dykman i.I.,Tarasov G.G., ZhETP, I977, 72, I08I

2. Boiko S.A.,Valakh M.Ya.,Dykman M.I.
tela, 1984, 26,, 22I2

et al.Fizika tverd.

3. Rosenberg F.,Iﬁ%y P, Sol.State Communs.,I969, 7, 983.
4, Baldacchini Y.,Lallerano Y.P.,Grassano V.M., et al.FPhys,

Rev. B, Iy86, 33, 4273.

5. May M.,Rzepka E,,Debrus S.,Hong J.P,Opt.Commun,I987,61I, 325
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MAGNETO-OPTICAL EFFECTS BY NONEQUILIBRIUM SPIN POLARIZATION
INDUCED IN THE F-CENTER BY MODULATED AND SATURATED PUMPING

* *
NORIO AKIYAMA, YUZO MORI, and HIROSHI OHKURA

Department of Electronic %ngineering, Okayama University of Science,
Okayama, Japan 700, and *) Department of Applied Physics, Osaka
City University, Sumiyoshi-ku, Osaka Japan 558.

Since the first observation of magnetic circular polarization (MCP) of

1)

the F center emission by Fontana and Fitchen, ’the magneto-optical pro-
cesses in the optical pumping cycle (OPC) of F center have been extensive-
ly studied by Mollenauer and Pan,z) Winnacker et al.,3) Baldacchini et
al.,a) and Ohkura.s) In the present work, we will discuss the magneto=
optical effects on the absorption and emission which are caused by the
nonequilibrium spin polarization (NESP) in the relaxed excited state
(RES) within the same theoretical scheme of OPC. The NESP is created

in the RES under the saturated and modulated pumping conditions, when the
circular polarization of pumping laser light is periodically alternated
between right and left (0+ and G_) with angular frequency of w . The
NESP induces the magnetic circular dichroism (MCD) in the optical absorp-
tion and MCP in the emission: They are denoted by AMCD(uD and Ahau),where
n represents the polarizations of the analyzer (0+. 0_, and linear 7).

So far, the A14w) has been called the anomalous effect by Baldacchini

et 31.4) who mentioned that it is of fundamental non interest. We have
measﬁga An(uD as a function of magnetic field, H, as well as photon ener-
gy excited. The form in Ref.4 did not interpret our data. In order to

MCD

explain these dependences as well as A (w), which have been observed

by Baldacchini et 81.6)

Aycn(w), using the first order approximation of successive solutions of

, we derived theoretical expressions of An(m) and

rate equations which govern the OPC. 1In these expression, the spin-lat-

tice relaxation time in the RES, TI(H). which 1s dependent on H.5’7)
From fitting analysis of experimantal data of Ar{w)*and AMCD(u) with

theoretical expressions derived, the H-dependence of T1 was determined

as follows,

3

(1] (o)} e cu®+ (AW + BB ) coth (gt u B/ KT). (D)
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where A, B, and C are constants, y 1s the Bohr magneton, g* is the g-fa-tor,
o« 1s negative constant. Solid lines in Fig.l are the fit curves of Eq.

(1) with data for KBr and KI. Previously, TI(H) was determined only in
higher magnetic field range corresponding to second term in Eq.(l).b’a)
The T*(H) in the range below about 40 kOe is the first finding. Moreover,
the Tl(H) determined from the present analysis of §m0(“g are found to

be the same form as Eq.(l), The fact that the first term in Eq. (1) is
proportional to H® below about 40 kOe implies that the relaxation mecha-
nism is plausibly due to the exchange effect between neighboring two RES,

whose spreading radius was estimated to be about 70 A.

(s v
6 ©4 1 present work
10 é— <>E‘] p
Loxv Baldacchini et al. 4
1 ] 4 Fig.l.
Tr- KI(2K) & # Experimentally determined
105 b ;J values of T; is plotted as
Eilé[lé:'ZK) ‘[ a function of H for KBr and
F% KI. Solid lines are eg.(1l).
i RN v and x are taken from
I ® Ref. 8.
10°
o
o
sl RNl
10 100
H (kOe)
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LASER EMISSION AND CONCENTRATION QUENCHING OF THE
F,(II) CENTERS IN KCL:LI
G. Baldacchini, E. Giovenale¥*, U.M. Grassano+, M. Meuccio,
A. Scacco** and M. Tonelli
ENEA, Dip. TIB, U.S. Fisica Applicata, P.0O. Box 65,
00044 Frascati (RM), Italy

The F, center is one of the simplest perturbed F centers
and, ggsides its importance as a model case in the physics
of defects, it has been also studied in relation with the
development of an important class of color center lasers,
which have unique characteristics in the near infrared
region.

In order to improve the efficiency of the laser, many
efforts have been devoted to the optical cavity design, to
the pumping geometry and to the sample preparation (1).
Using the F,(II) centers, the pumping geometry is important
because of the photo stimulated reorientation of the
centers.

A correct orientation of the crystal axes with respect to
the cavity axis and to the pumping laser polarization is
required to avoid or to minimize the bleaching of the
centers (2).

To compensate for the reorientation phenomena one can
increase the F, center concentration at least up to the
onset of the™ concentration gquenching of the F,(II)
emission. The 2.6 um luminescence of 2.0 mm thick cryStals
containing F.(II) centers as a function of the
concentration, is plotted in the Figure.

KCh: Li
Apump =514.5nm
T=90K

LUMINESCENCE

LASER THRESHOLD

Ll C0ovavensl by gl [T
10'6 10% 1018
Fa CENTERS / cm?
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The dashed line shows the laser threshold for our folded
astigmatically compensated cavity. It ii7evi§ent the onset
of the emission decrease at N(FA) = 3,107 " /cm~.

The mechanism of the emission quenching in a crystal
containing only F centers is well known and it consists at
low temperatures in a tunnelling of the excited electron
towards a nearby F center, thus forming an unstable F'
center (3). For the F_(II) centers, although the
concentration quenching has"a trend similar to that of the
F centers, the mechanism must be different because we did
not discover any emission change under application of a
magnetic field up to 85 kGauss. The alignement of the
electron spin due to the magnetic field does not increase
the luminescence as found for the F center.

This fact implies, provided the spin mixing parameter is
not much bigger than that of the F center, either that the
quenching is not due to the F,—»F', tunnelling or that the
F'_  center can be formed wit*‘parafiel electron spin, i.e.
in"a bound triplet state.

on the other hand in the heavily colored samples we have
found the presence of M, centers and of their luminescence
at 1.2 um. However, their density more than one order of
magnitude smaller than that of the F_ centers seems to be
too low for supposing a concentratid% quenching due to a
non radiative energy trausfer towards F. and M, centers.
New experiments are under way to checf\the existence of a
bound triplet state of the F', center and clarify the
nature of a new luminescence in éhe near infrared.
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OPTICAL PROPERTIES OF LASING
COLOR CENTERS IN FLUORIDES

G. Hoérsch and H. J. Paus
2. Phy. kalisches Institut, Universitiat Stuttgart
D-7000 Stuttgart 80, Pfaffenwaldring 57, W-Germany

Color centers, suitable for tunable laser action, have been found in the
perovskite crystal KMgF3 when doped with lead and irradiated with x-rays at
room temperature /1,2/. Even at low temperatures, these systems show an un-
desirable fading effect under high power excitation . The electronic and configu-
rational structures of the color centers are being investigated to determine the

cause of their fimited stability.

KMgF ;:Pb d=2.7 mm T=4.2 K Fig.1: Absorption spectrum of
F_(Pb) centers in KMgF, ob-
06 (2) (1 z(PH) "9 O
> tained by x-ray irradiation
'g and subsequent bleaching in
04 the F and F; bands at room
.§ temperature.
Q
©0.2 ]
0 T T 1 T
30 25 20 15 10% em™!
photon energy
KMgF3:Pb T=77 K Fig.2: Angular dependence of the
<100> <110> <010> degree of polarization of the
20% - emission of F(Pb) centers.
[p
15%
P crystal A
10% T T
0° 30° 60° 90°

direction of polarization
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The absorption spectrum of the center has similar features as that of the
isoelectronic TI°(1) or FA(TD) center in alkali halides: three absorption bands
located at (1) 15.8, {2} 25.8 and (3) ~3710%cm !, Only bands (1) and (2) are
shown in Fig.1; band (3) is hidden under the F band, but is unambiguously
detected by excitation spectroscopy. At low temperatures, band (2) shows an
interesting resolved phonon structure with a characteristic frequency of
3.4-10'%s7". As proved by the degree of polarization of the emission (Fig.2)
and by a linear dichoism of the absorption, the center has - at least approx-
imately - <110> axial symmetry. The thermal reorientation of the centers is
characterized by an activation energy of 0.9 ¢+ 0.1 eV and an attempt frequency
of 1110'% 7!
above mentioned FA(TI) centers. The center has therefore been called F;(Pb):
an F center in the immediate neighborhood of the Pb"” impurity built-in on a
monovalent K site, but not on a MgH site. This position requires a charge

Magneto-optical experiments reveal further similarities to the

compensating cation vacancy.

The reorientation is identified as a jump of the F center between equiva-
lent sites around the Pb”* ion. The limited optical stability is probably due to
an “evaporation” of the anion- cation vacancy pair into the lattice after a trans-
fer of the electron onto the impurity.

More stable center configurations are expected in lattices where no charge
compensating vacancies are necessary. First experiments have therefore been
performed on alkaline earth fluorides like BaF,. The structure of the absorption
spectrum is similar to that described for KMgF 3 except for the location of the
F band relative to the Pb bands. Following the literature /4/ the F band should
be located between the two low-energy Pb bands at 12.9 and 20.6- 102 ecm™’,
but is not found after x-ray irradiation.

/1/ G. Horsch and H.J. Paus Opt. Comm. 60(1,2), 69 (1986)
/2/ W Flassak, A. Go6th, G. Horsch and H.J. Paus
IEEE J. Quantum Electronics in press.
/37 L.F. Mollenauer, N.D. Vieira and L. Szeto
Phys. Rev. B27, 5332 (1983)
/4/ W. Hayes, Crystals with the fluorite structure,
Ctarendon Press, Oxford 1974
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ON THE TEMPERATURE DEPENDENCE OF THE REFRACTIVE INDEX OF A LASER
ACTIVE KC1:L4i CRYSTAL

K.-E. Peiponen, P.Silfsten and K.Karttunen

Vdisdld laboratory, Denartment of Physics, University of Joensuu,
SF-80100, Finland

Colour centre lasers are nowadays widely used for spectrosconic
studies as well as for soliton generation in ontical fibers.
There are several alkali halides, containinc various tynes

of defects suitable to act as a lasing material.

When numping the colur centre crystal with a laser there will
exist instabilities due to thermal chanaes of the lasina crvstal.
One reason for the frequency instability of the colour centre
Taser is the chanaing of the refractive index as a function of
temperature.

We have studied the optical proverties of laser active KC):Li
crystal, which possess a relatively hiaoh output power compared

to other alkali halides containing FA(II) or FB(II) centres,

We have calculated the change of the refractive index as a
function of the frequency of the incident 1iaht and the temperature
of the crystal,with the aid of the measured optical density data,
by makino use of Kramers-Kronig relations. We have been able to
optimize the change of the refractive index near to zero as

a function of temperature for specific wave lenghts of the
pumping laser. This result allows us to minimize the above
mentioned instabilities. The results seem to have similiar
nature as those reported in refs. /1,2/.

One of us (K.-E.P ) wishes to thank the Academy of Sciences, Finland,
for a grant.

References
/1/ K.-E. Peiponen and A.Vaittinen, Phys.Lett.,103A,209 (1924)

/2/ K.-E. Peiponen, P. Ketolainen, A. Vaittinen and J. Riissanen,
Opt. Laser Techn., 16, 203 (1984)
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Jaime Ortiz-Lopez
Escuela Superior de Fisica y Matematicas-IPN, UPAIM, 07738 Mexico DF Mexico

Fritz Luty
Physics Dept., University of Utah, Salt Lake City, Utah 84112, USA

Based on the elastic and electric order-disorder tramsition of pure alkali-
cyanides, a lot of scientific interest has focused recently on mixed
cyanide crystals which serve as important model systems for the competition
between long-range-order crystalline and orientational glass structurel

All crystals studied so far were produced either by variation of only the
CN~ concentration x (e.g. KBrl_xKCNx), or by mixture of the alkali-ions

(e.g. K NayCN)----i.e. systems illustrated in Fig. 1 by variations of

1-y
either x or y along the edges of the schematic structure-survey-diagram.
For the first time we extend these studies to systems in which both the
cyanide- and cationic-sublattice is disordered: proceeding gradually from

the edges into the xy plane of the structures illustrated in Fig. 1. As a

powerful and simple technique we use laser-light-transmission experiments,

detecting accurately the presence of order/disorder changes at a critical

temperature T, by the abrupt appearance of light scattering due to the

formation of multi-domain structure. Monitoring the relative optical
transmission t o] 35 2 function of T and crystal composition allows us the
detection of various phases ] Alkaii Hatides Increasng __ Perfect Cyomde-

«CN” Defects  CN"Concentration x Sublattice
as well as hysteresis and

thermal cycling effect52 . CXA Perfect
¢°0.¢ ' {e) Cationic
Fig. 2 shows as one example a o,g,go,g,: Sublathice

measurement of trel(T) for a
mixed (Kl—y’Rby'Brl—x'CNx)
system with indication of the
x and y concentrations used.
Starting from the pure KCN
(x=0, y=1) crystal with sharp
transition at T, = 163K,

small x and y varilations

cause pronounced shifts of

T,., appearance of secondary




Y+ 08 7+ 009 006 y-000 | intermediate phases with large
10} - 108 1,089 0% . 11190, |hysteresis--until finally at a
{bottom) (1op) f KCN .. 3
\ pure [critical concentration (x_,v.)
rel. c'’ec
the non-appearance of iight
10" 1 scattering under cooling is
reached: the latter effect
indicates the concentration-
102 R ‘s&
\ borderline between ordered and
F(T—RS_EV,—CNI glass-like disordered behavior of
-y "0y El-x Ny W)
103 T \ d the material. From numerous
) measurements of this type we can
X \\\\\\.\\\ ) "‘"J . .
Fig. 2 i map out in Fig. 3 for two double-
) 55 00 20 a0 €0 mixed systems the regions of the

Temperature (K)
Xy concentration plane in which either

long range elastic order (shaded area) or o8

Y
obtained under cooling. Construction of 4§ 06

glass-like disorder (white area) is

detailed three-dimensional (x,y,T)-phase
diagrams is at this stage still hindered os
by the scarcity of data, which however we g)
are working on to overcome. Several
important features and trends in the 2- KB po-e

dimensional (x,y) and 3-dimensional 0zl

(x,y,T) order disorder behavior are

06
y
08

already apparent and will be discussed. l 04

(RbBr]*-

*Supported by NSF grant DMR 87-06416, **CDFAA-IPN Fellow.
1) F. Luty in "Defects in Insulating Crystals," Springer Verlag 1981.
2) J. Ortiz-lLopez and F. Luty, Phys. Rev. B 37 (part I and II) April 1988.
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S OLE-B G IN T SECOND NI SORP
QF ROTATIONALLY LOCALIZED CN DEFECTS IN ALKALI HALIDES
M. Schrempel, W. Gellermann, and F. Luty
Physics Department, University of Utah
Salt Lake City, Utah 84112

We report initial results of our investigation into the spectral hole-
burning properties of CN defects in cesium halides which are rotationally
aligned by neighboring K" or rb* impurities.

The CN -alkali ion impurities produce two sharp vibrational absorption
lines vy and Yy corresponding to two possible orientations of the CN_
electric dipole moment with respect to the neighboring alkali-ion
impurityl. The relative populations of these two dipole orientations--
following a Boltzmann equilibrium at T > 100 K--become frozen in at lower
temperatures. The CN :K' and CN :Rb' IR absorption transitions are shifted
to slightly lower energies compared to those of isolated CN molecules. In
their second harmonic transitions near 2.4 pm--although ~100 times weaker
than the fundamental ones--they can be detected nearly free of isolated CN
background transitions.

We used a single-mode tunable KCl:Li* laser system (Fig. 1) to burn and

probe spectral holes in these transitions at low temperatures (T = 10 K).
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Spectral holes were obtained in the vy and vy modes of oN":K* and oN :RbY
defects in CsCl, CsBr and CsI hosts. The holes appear to be persistent in
CsCl and CsBr hosts while slowly decaying in CsI. The hole-burning
efficiencies decrease in the sequence CsCl - CsBr - CsI. Comparing the
hole-burning efficiencies for 2N7:k” and CNT:Rb" in the same host lactice,
we measure a factor ~2 higher burning efficiency for on ikt
In Fig. 2 a typical spectral hole is shown as an example for the vy mode of
o cN:K' defects in CsBr. After hole-

o
} Persistent Spectral Hole- burning in the vy mode a  spectral
. Burning in v, Vibrational
i Absorption Mode of CN™:K

absorption spike (anti-hole) with equal

| Defects in CsBr oscillator strength was measured for
: this system in the Y1 mode. Similarly,
% 10K burning holes in the vy mode produced
. _—Dbefore hote-~

burming anti-holes in the v, mode. This

Absarption (%)

reversible effect strongly suggests that
180 degree CN  reorientations can be
optically induced at low temperatures.
The burnt hole-widths measured in all
i ‘ defect modes were in the order of
i

-10 -5 o] +5 +10 several hundred MHz to 1 GHz. Compared
Frequency (GHz)

to the spectral hole-widths obtained
Fig. 2 recently for similar CN :Na® defect
modes in KBr hosts under excitation of

the fundamental transitionz, these widths are about one order of magnitude

larger. The nature of this broadening effect (strong homogeneous broadening

contribution to the vibrational 1linewidth?, broadening effects due to

vibrational energy transfer at the used high defect concentrations?), as

well as a microscopic kinetic model for the center reorientation effect,
are under current study.

This work was supported by NSF grant DMR-87-06416 and ONR contract NOOl4-
86-K-0258.

References:

1. W.v.d. Osten and F. Luty, Phys. Rev. 35, 7684 (1987).

2. R.C. Spitzer, W.B. Ambrose, and A.J. Sievers, Phys. Rev. B 36, 7307
(1986).
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TUNABLE COLOUR CENTRE LASERS IN THE RANGE 150-800 nm

P. Fabeni, G.P. Pazzi, R. Linari, A. Ranfagni, and L. Salvini

Istituto di Ricerca sulle Onde Elettromagnetiche del C.N.R.
Via Panciatichi 64, 50127 Firenze, Italy

Laser tunability, presently offered by a lot of laser types, is very
useful for linear and non linear spectroscopy. Wideband tunable 1lasers
in the visible region, such as dye lasers, show photochemical degradation
(bleaching) which reduces to some extent their applications, while the
ultraviolet is covered essentially by second-harmonic generation with a
large expense of intensity or by not tunable lasers, as the excimer ones.
These considerations justify for a search of other types of laser mate-
rials capable of wideband optical gain in the visible and uv regions not
suffering the overmentioned limitations. A number of attempts have been
made to obtain lasing action in color centres, whose well known lumines-
cent properties make them candidates for realizing new tunable lasers.

The possibility of obtaining laser action in the ir region using
colour centres in alkali-halides was well established and at present the
range 0.8-4 u is almost entirely covered by solid state tunable lasers.

In the range 150-800 nm a number of impurity centres have been inve
stigated. Table I summarizes the main features of the active media, work-
ing at room temperature, which demonstrated lasing action. In Table II
other impurity centres, which exhibit optical amplification, are reported.

In these systems there is a coupiing between the electronic configu-
ration and the lattice so that the relaxed excited states suffer a distor
tion in order to destroy the symmetry of their configuration: the elec-

tronic degeneracy is removed and substituted by a vibronic one ( Jahn -
Teller effect ).
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Table I : Crystals for vibronic lasers
Acronym or Tunability Operating

Doped Crystal common name  range (nm) modes Reference
Cr:BeAlzt)4 alexandrite 701-818 CW,pulsed Walling(1980)
Cr:Be3A12(Si03)6 emerald 729-809 pulsed Shand(1984)
Cr:Y36350]2 YGG 730-780 CwW Struve(1985)
Cr:Gd36650]2 GGG 740-800 CW idem
Cr: Y3Sc26a30‘2 YSGG 740-800 CW idem
C)":Gd35c2(5330]2 GSGG 745-820 CW,pulsed idem
Cv’:(;d25c21\130]2 GSAG 778-790 CW Drube(1984)
Cr:KZnF3 780-865 cW Brauch(1984)
Ti:A1203 sapphire 666-1040 CW,pulsed Moulton{1985)
Li :MgF2 ) 620-750 pulsed Shkadarevich(85)
Na:Can}mth MAcentres 720-840 pulsed Archangelskaya(79)
Ce:LiYF4 YLF 305-335 pulsed Ehr1ich(1979)
Ce:LaF3 275-315 pulsed idem
Nd:LaF3 168-175 pulsed Waynant(1982)

Table 11 Crystals with optical amplification

Doped Crystal Peak emission{nm) Operating temperature Reference

F*.ca0 360 LNT Duran(1978)

Ag :Kl 337 LHeT Schmitt(1985)

Ag” :RbBr 324 LHeT idem

LEMTRY 430 RT-LNT Pazzi(1983)

The trends of the research in this field concern with further inves-

tigation on the above phosphors and a search for new colour centres.

the evaluation of their optical gain an useful technique is the Amplified
Spontaneous Emission (ASE). We developed a modified ASE method which per-
mits optical gain evaluation through measurements of emission

as a continuous function of the pumped region length.
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FAR INFRARED REFLECTIVITY SPECTRA AND LATTICE DYNAMIC
OF LOW-TEMPERATURE PHASES OF MaCN.

8. Gorczyca, P. Bourson and D. Durand

Centre Lorrain d’Optique et Electraonique du Solide
Université de Metz-~ Supelec - 2, rue E. Belin
57078 Metz Cedex @3 - (France)

NaCN  crystal undergoes order-disorder phase transitions. At high
temperature NaCN is pseudo-cubic with NaCl structure. As the temperature is
lowered a first order phase transition occurs at 288 K when CN- dumbells
align along a [110] direction of the cubic phase. This ferroelastically
ordered phase has a body centered orthorhombic structure with a space group
D&% (1). This order-disorder transition is accompanied by a strong light

scattering due to the multidomain structure of the sample.

A second order phase transition takes place at 173 K when CN- electric
dipoles align in an antiferroelectric order of orthorhombic symetry with a

Di} space group (2).

The aim of this work is to understand the ordering process of these
transitions and the partially polarized Raman Spectra already measured at

lou temperatures (3).

IR unpolarized reflectivity spectra have been measured both in the
ferroelastically ordered orthorhombic phase at 198 K and in the

antiferroelectric orthorhombic phase at 10 K,

A four parameters semi quantum model (4) is used to determine LO and TO
frequencies of vibration for a given polarisation of light. Since no
polarized spectra can be achieved 1in either phase, due to the multidomain
structure of the samples, this model has been adjusted in order to take
into account contributions of each potarisation in the unpolarized recorded

IR spectrum.
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The lattice dynamic of the two ordered phases is also calculated using a
rigid ion model which take into account coulombian long range interactions.
From Raman and IR experimental results the phonon frequencies and their
dispersion in the Brillouin =zone are determined and rotational-
translational mode couplings are deduced from the analysis of the phonon
eigen vector. Amplitude of wvibration, in relation with the polarizability

of the Na* and CN- ions can explain the experimental Raman intensities.

From these calculations, agreement with IR experimental results appears

also satisfactory and will be discussed.
1) J.M. Rouwe, J.J. Rush and E. Prince. J. Chem. Phys. 66 n° 11, 5147
197?7)
2) D. Fontaine, C.R. Acad. Sci. Ser. B281, 443 (1375)

3> D. Durand. L.C. Scarvado Do Carmo, A. Anderson and fF. LOty. Phus.
Rev. B22 4005 (198@)

4) D.W. Berreman and F.C. Uneruald. Phys. Rev. 174, 791 (1968)
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Double bridging impurity structures and hypervalent
state of molecular chlorine in vitreous silicon dioxide
by E.M.Dianov, V.0.Sokolov, V.B.Sulimov
Institute of general physics,
Academy of Science of the USSR, Moscow

Hydrogen, chlorine and fluorine are known to be most characteris-
tic technological impurities in silica glass used for optical fibers.
Therefore we have performed computer simulation of defects formed by
these impurities interacting with atomic net of the glass.Double brid-
ging structures are found to exist for atomic impurities F and Cl and
for molecular impurities Hy, F,and Cl,. We have performed also simula-
tion of a defect arising as a result of interaction of a Cl, molecule
with reqular Si-0-8i linkage — the (OCl;) defect.

The calculation was carried out by means of the MINDO/3 method
using molecular claster 03Sig-0c-8§lﬂ3 s the dangling bonds of oxygen
atoms being saturated with SiH, groups. While calculating the (OX)
defect an impurity atom X¢ was placed near the bridging oxygen atom O.
When dealing with the (X;) defect the O atom was substituted by the
second impurity atom X.The Cl; molecule was placed initially near brid-
ging oxygen atom in the (0Cl,) defect. Equilibrium configuration was
obtained for each by means of minimization of the cluster formation
energy relatively to positions of the defect’s atoms.

For hydrogen impurity the double bridging structure was found to
take place only in the (Hy’ defect. Covalent bonds Si,-H., Sig—H,.and
Siy~Hery Sig-H, turned out to form in the defect, the former two bonds
being twice as intensive as the latter ones.The (H,) defect was ener-
getically unfavoured in comparison with neutral oxygen vacancy. It was
found to form two pairs of local states near the edges of forbidden gap.
Dipole transitions of an electron turned out to be allowed from the up-
per level of the lower twofold occupied pair to both levels of the up-
per (unoccupied) one.

For fluorine and chlorine impurities the double bridging structu-
res proved to exist in defects (0X)™, (0X)%,and (Xz)o,(xe)*, an extreme
analogy taking place between (OX) and (Xy) defects. One can trace this
analogy with the following correspondance of charge states taken into
accounts (OX) ™~ (X0, (OX)% (X,)F,which is due to a superfluous elec-
tron on F or C1 atom in comparison with O atom.

(0X) defects characterized by formation of Si -X. and Si/-X, bonds
the Sig~0, and Sigz -0, bonds remaining practically unchanged in compa-
rison with regular ones. In (Xl) defects one of the impurity atoms
formed true bridging linkage analogous to the O, atom in (DX) defects,
the second impurity atom interacting more slightly with Si atoms. One
ought to emphasize jonic part of those bonds being approximately 30%
and 70% for F and C1, respectively. The (OF), (F,) and (OCl) defects
were proved to be energetically favoured over both the regular linkage
Si-0-8i and the neutral oxygen vacancy (the (Cl,) defect - only over
the vacancy). Hence the concentration of the defects under conside-
raton must be significant in silica doped with fluorine or chlorine.

Electronic structure of the (OX) and (X,) defects was found to be
similar. Both defects formed four (for F) and five (for Cl) levels in
forbidden gap of silicon dioxide, the two for F (three for Cl) lowest
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levels being twofold occupied in (OX) and (X,) . Electron transitions
turned out to be dipole alliowed from upper level of occupied ones to
both unoccupied levels situated near upper edge of the gap .Wave func-
tions of corresponding levels in (DX) and (X,) defects practically co-
incided while the atomic orbitals of O, atom being substituted by the
orbitals of X atom.

In the neutral defect (0Cl,) the 004Cls and Clp. atoms were found
to lie in a plane orthogonal to Si-Si axis forming a system with four-
fold coordinated oxygen atom 0 : the latter in general conformed the
conception of hypervalent threecenter bond between two chlorine and
bridging oxygen atoms.Covalent bonds Si, ~0,, Sig-O. (twice relaxed in
comparison with the regular ones) and 0.-Cl;, Q.-Cl.- proved to exist
in the defect.There are also Si-Cl bonds in the defect, but all of
*hem being 60% ionic.

Electrons in many-center orbitals were found to contribute prin-
cipally to the O.-Cl. and 0 -Cl.-bonds, the orbitals being formed with
various combinations of atomic orbitals centered on 0., Cl., Cl.. and
also on Sig and Si¢ atoms.There were two main types of the many-center
orbitals. Principal contribution to the 0.-Cl. and O.-Cl.- was found to
arise from 2p-orbitals of the O, atom and 3s-orbitals of the Cl., Cl.-
atoms overlapping in the first case and from p-orbitals of both O, and
Cl., Cl.-atoms in the second case. Energy levels of the many-center
orbitals lie in the depth of valence band ( in the region of -12...-10
eV and -B...~-6 eV respectively). Besides that, electrons in the last
occupied gap level of the defect (see below) were proved to contribute
appreciably to the 0.-Cl; and O,-Cl.’bonde tcausing the defect to be
stabilized in the configuration with fourfold coordinated oxygen atom.
1t should be noted that the (OClp) defect formation was accompanied
by electron density transfering from the O, atom and the Si; -0.,Sig-0,
bonds to the Cl., Cl..atoms and the O,-Cl., O.-Cl. bonds. As a result,
the negative charge of the D, atom decreased almost 2.5 times compared
with the regular glass net, while the Cl, and Cl;-atoms turned out to
be negatively charged (-0.35)ej). It was the charge redistribution
which caused the Sip-0. and Sig-0. bonds to be weaken and the 0,-Cl.
and 0.-Cl;- bonds to arise. The relaxation of the silicon-oxygen bonds
in comparison with regular Si-0-Si linkage proved to be practically
completely compensated due to the silicon-chlorine bonds.This resulted
in the values of the cluster formation energy being practically equal
in both cases (~17 eV) and hence the regular linkage Si-0-Si and
hypervalent one turned out to be equivalent in energetical sence.

The (OCI,) was found to form seven levels being localized mainly
on Sig, Sig, O.,Clc and Cl.. atoms.The lowest five levels turned out to
be twofold occupied with electrons in the ground state of the defect.
There were no allowed dipole transitions between the defect levels.
Hence the (0OCl,) defect proved to be observable only in local phenon
modes of the glass. +

(DCliY* and (UC]ZB charge states of the defect were also calcu-
lated. One (or, what is more, two) electron removal from the (GCly)
defect was proved to result in the defect destruction.Hence the (OCly)
defects may be regarded as sources of atomic (or even mplecular) chlo-
rine interstitials in some radiation and thermal induced processes of
defect formation.
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OH- Displacement in CsCl at Low Temperatures Calculated from the Frequency
Shift Associated with the F, (OH ) Center.
by
Philip W. Gash
Physics Department, California State University
Chico, CA 95929-0282

Recently, Krantz and Luty1 measured the vibrational mode IR absorption
of OH  in CsCl for the lsolated case, where the OH is a substitutional
impurity. They found a narrow band below 38K which broadened above 45K due
to quasirotational behavior. In a separate work dealing with the perturbed
case where the OH 1is the n.n.n. to an F Center, thereby forming an FH(OH-)
Center, they found a 58 cn_l decrease in the vibrational mode energy
compared to the isolated case.2 The purpose of this paper is to discuss a
simplified model to account for the energy decrease.

At low temperatures prior to quasirotational behavior, the OH dipole
is modeled as two point charges with the c.m. displaced from the lattice
site along either <198>,<118> or <111>. The dipole moment is allowed two
orientations, either along or opposite to the c.m. displacement. The model
is motivated by a recent calculation where good agreement with the FH(OH')-
Center absorption bands is obtained for an OH c.m. displacement of #.15 A
along <1">.3

The vibrational energy decrease is attributed to the difference
between the effective spring constants for the OH  dipole in the two cases.
The k value is determined by calculating the total potential energy of
the OH dipole as a function of the O - H internuclear separation; it is
then fitted to a polynominal in the displacements and the coefficient of
the guadratic term is set equal to k/2. This method is similar to that used
by Field and Sherman in thelr study of €N in the alkall halides.‘
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The potential energy terms include the free OH~ enerqgy, the Born-Mayer
repulsive interactions with the other ions,5 the interaction with the FH—
Center electron, and the interactions with the point positive charges

necessary to create the F -Center vacancy and the off-center OH™

H
displacement from the perfect lattice.

In the model, the k value difference is dependent upon the FH-Center
electron ground state wave function and the OH confiqurations for the two
cases. In the perturbed case, the wave function and the corresponding
dipole orientation and c.m. displacment have been calculated. The k value
difference is known from the two measured vibrational mode energies;
consequently, the unknowns in the model are the c.m. displacement and the
dipole orientation for the isolated case. Calculation of the repulsive
interaction with the n.n. cst ions indicates a preferred orientation along
<188>, however the contribution to the energy shift is quite small because
the OH is not in contact with the cst ions. Hence, a c.m. displacement of
0.10 A in either <10@>,<118> or <111> with the dipole moment pointing away
from the lattice site produces agreement with the 58 cm-l decrease in the
vibrational energy. There is a 18 cm-l decrease due to the interaction with
the F Center and a 48 <:m_1 decrease due to the c.m.shift. In contrast to
the results of Field and Sherman, the Born-Mayer repulsive interaction
contributes less than +1 cm ! to the shift.

The author thanks Professor Fritz Luty for two preprints and severzl

informative discussions dealing with OH  behavior in the alkali halides.

. M.Krantz and F.Luty, Phys. Rev. B37, April 15 (1988)

1 a1,
2. M.Krantz and F.Luty, Phys. Rev. B37 May 15 (1988)

3. P.W. Gash, Phys. Rev. B35,774 (1987)

4. G.Field and W.Sherman, J. Chem. Phys. 47, 2378 (1967)
5. C.Coulson, Valence (Oxford University Press, Oxford

England 1968) p.315
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DEFECT STRUCTURES AND IONIC TRANSPORT IN LITHIUM OXIDE

A.V. Chadwick, K.W. Flack, J.H. Strange,
Faculty of Natural Sciences, University of Kent,
Canterbury, Kent, CT2 7NH, U.K.

and

J.H. Harding, Theoretical Physics Division,
UKAEA Harwell Laboratory, Didcot, OXON, OX11 ORA, U.K.

Lithium oxide, Li,0, has been proposed as a "blanket" material for
deuterium-tritium fusian reactors and there is considerable interest in
its defect and transport properties., The material adopts the
anti-fluorite structure with the Li* ions forming a simple cubic array
with alternate cubes occupied by 02~ ions. It is usually assumed that
many of the properties can be predicted by a direct analogy with the
closely-related fluorite-structured crystals, e.g. alkaline earth
fluorides, PbF, and SrCl,., Thus the dominant defects are expected to
be cation-Frenkel pairs and the cation vacancies should be the more
mobile defect species. If this analogy is correct then a high
temperature thermal anomaly, which is common in fluorite-structures
[1], might also be expected and the ionic conductivity above the
temperature of the anomaly should be very high, in the "superionic" or

"fast-ion" conductor range, with a low activation energy.

Recently [2], we have measured the fonic conductivity of pure and
Mgz* doped Lizo in the range 300 to 1300K. The results were computer
léast-squares fitted on the basis of cation-Frenkel pairs being the
dominant defects and cation vacancies as the mobile species. This
ylelded a defect formation enthalpy, hF’ of 2.53 eV and a Li* vacancy
migration enthalpy, hpes Of 0.49 eV, On the basis of conductivity
measurements alone it is not possible to identify unambiguously the
nature of the dominant defects and therefore additional computer
simulations using the HADES [3] and SHEOL [4] codes were performed for
Li50 [1]. These yielded results in excellent agreement with the
conductivity, f.e. hg = 2,12 eV and hyp, = 0.21 eV and confirmed that
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Schottky defects were energetically unfavourable, the calculated
formation enthalpy, hg, being 5.15 eV. The cefect entropies were also
calculated and the simulated conductivity was in good agreement with

erperiment.

In the above work there were indications in the conductivity of
the doped samples of a transition to a superionic region; however, the
temperature range was not extensive. In this contribution we will
report new conductivity results which extend the temperature range to
1600K. In addition, we will present calculations for L120 from a
molecular dynamics simulation, a technique which has proved extremely

powerful for fluorite-structured materials [5].
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MOLECULAR DYNAMICS SIMULATIONS OF ALKALI BORATE GLASSES

W. Soppe and H.W. den Hartog

Solid State Physics Laboratory,
1 Melkweg, 9718 EP Groningen, the Netherlands

Alkali borate glasses are of great interest because of their
large ionic conductivity. In order to understand these super-
ionic properties, many structural investigations (e.g. X-ray,
NMR, Raman and IR spectroscopy) have been performed. As a
result of these studies, a model of the structure of borate
glasses has been constructed; the so called Krogh-Moe model
(1]. In this model it is stated that v-B,0;3 almost completely
consists of randomly connected boroxol rings (six membered
planar hexagonal rings). Addition of alkali oxide, according to
this model would increzase the coordination number of a part of
the B atoms in the rings from 3 to 4. Latter structural grou-
pings are also found in crystalline alkali borates. It should
be noted however that the structure of crystalline é203 does
not contain boroxol rings [2]. During the last decade the doubt
about the existence of these rings in the network of borate
glasses has grown. X-ray, NMR and IR spectroscopy results
appear to be well understandable assuming a glass structure
consisting of randomly connected planar BO; triangles aﬁd
trigonal BO4 units.

In this paper we present the results of Molecular
Dynamics (MD) simulations of borate glasses. The calculations
were performed on the Amsterdam CYBER 205 vector processor,
using the computer program library GROMOS (3]. A Born-Mayer-
Huggins potential was used to calculate the atcmic interactions
{4,5]. We have simulated borate glasses with various lithium
oxide and lithium chloride concentrations.

Analysis of the radial distribution functions yields
that the network of the MD simulated glasses consists of ran-
domly connected BOj and BO4 units. Addition of Lij0O leads to an
increase of the glass density, accompanied by an increase of
the nearest neighbour (NN) distances. Addition of LiCl gives
rise to a glass network with lower density and smaller NN dis-
tances. These results are confirmed by earlier experimental

work (6],
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Evaluation ot the time-cepenaent self-correlaticn
function Gglr,t) shows that belcw the congelation temperature
¢f the simulatzad glasses (apout 1500 K) the motion of lithium
atoms changes from random walk diffusion into jump diffusion.
At low temperatures the lithium ions probably travel through
the glass by means of a hopping mechanism, with the atoms
jumping from one interstitial position to ancther
The vibrational properties of the glasses can well be inves-
tigated by an analysis of NN oscilations. The density of states
spectrum of B-O pairs appears to agree qualitatively well with

IR spectra (see Fig. )
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This work forms part of the research program of the "Stichting
Fundamenteel Onderzoek der Materie - FOM". The MD simulations
were made possible by financial support from the "Werkgrocep
Gebruik Supercomputers"™.
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DEFECT STRUCTURE AND ENERGETICS IN CALCIA STABILIZED ZIRCONIA

A. Dwivedi and A.N. Cormack
NYS College of Ceramics
Alfred University
Alfred, NY 14802 USA

The defect structure of doped zirconia with the fluorite structure has
been under investigation for some time owing to the technological
importance of the material. These studies have beem aimed at elucidating
the role that the defect structure has in both optimising its
technological performance and in controlling the long term aging or
performance degradation.

Of central importance here is the question of whether the compensating
oxygen vacancy occupies a nearest neighbor site with respect to the
substitutional dopant (in this present case Ca, ) as suggested by Morinaga
and Cohen', on the basis of their diffuse x-ray scattering data, or
whether it occupies a next nearest neighbor position as proposed by
Rossell and colleaguesz, based on their observations of the formation of
microdomaing which they identified as being CaZr,O, in structure.

In order to provide additional insight into this problem, we have
undertaken a computer simulation study of the defect structure and related
energetics in calcia doped cubic zirconia. We have used an improved
interatomic potential model for zirconia that takes into account the small
size of the zirconium ion. Our model predicts, for example, the correct
sequence of stability: cubic, tetragonal and monoclinic structures as the
temperature is lowered; the large volume change in going from tetragonal
to monoclinic is also reproduced and calculated static dielectric
constants also follow the experimental trend. 1In fact, data for the
tetragonal phase was not available in the literature, so we measured it
and found it to be in good agreement with our previously calculated value.

In addition to calculating the stability of the [Ca, .V ] pair in both
nearest neighbor and next nearest neighbor, we set up a model for CaZr O,
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using the available structural data for the related CaHf,O, phase and
calculated the lattice energy for this structure. By examining the
energies of the following reactions:

0,

Ca0 + 4z:oz » Cazr,0,; OE = -0.03eV (1)

4
and
CaO + Ca, + 0, +V ; 8E = 0.88eV (2)

We find that, firstly, CaZr,0, will be expected to form, but the energy of
reaction (1) is small enough to suggest that this will be a long timescale
process, although microdomains might form locally; secondly, the energy of
reaction (2) is positive, indicating a limited solubility limit for CaoO.
The third conclusion is that the [Ca, .V ] pairs will be expected to order
into superlattices or microdomains, given thermodynamic control. These
results are quite consistent with our finding that the oxygen vacancy
prefers to occupy the next nearest site in the case of a single {Ca,, .V ]
defect pair. Our results suggest, however, that at low dopant
concentrations a number of configurations may co-exist, depending on the
sample preparation history.

1. M. Morinaga, J.B. Cohen and J. Faber, Acta Crystallogr. A35, 789

(1979).
2. J.G. Allpress and J.H. Rossell, J. Solid State Chem. 15, 68 (1975).
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STATIC SIMULATION STUDIES OF HIGH T. SUPERCONDUCTORS

S. M. Tomlinson(1}, C. R. A. Catlow(l), M. s. Islam(2) and M. Leslie(3)_

(1) Departinent of Chemistry, University of Keele, Keele, Staffs. ST5 5B,
U.K.

{2) University College London, Gordon Street, London WC1H OAJ, U.Kk.

(3) Daresbury Laboratory, Daresbury, Warrington WA4 4AD, U.K.

We have used the technique of static lattice simulation to study the
structural, lattice dynamical and defect properties of high Te
superconductors. Such techniques have enjoyed considerable success in
previous studies of polar solids., We will briefly review the methodology
of static simulation, paying particular attention to the need for a model
for the lattice potential, We will show how the parameters for the
potential model were derived empirically from the relevant binary oxides,
including three-body terms to model the copper-oxygen interactions.

We present results for the systems La20u04(1) and BapYCu307. For
the former we show how the potential model correctly reproduces the
structure of the orthorhombic phase. We have calculated the phonon
dispersion relations for the material, which show a soft mode in the
b-direction. Defect calculations have been used to investigate the
energetics of oxidation and doping of the material. These reveal a large
energy barrier to copper disproportionation, but find that doping with
Ba and Sr are energetically favoured. The latter is shown to take place
with the ‘ormation of Cu3* ions, oxygen vacancies being readily
annihilated. Bipolaron formation is investigated using a model which does
not include a treatmenl of screening effects; these show that such
entities are not bound.

We show how the potential model may be extended to treat
screening effects in BayYCug07. Using this method we are able to
accurately reproduce the structure of this material. Finally we present
results of defect studies of this topical material.

References
(1) M. S. Islam, M. Leslie, S. M. Tomlinson and C. R. A. Catlow, J.Phys
C:Solid State Phys 21 (1988) 109.
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EXTENDED X-RAY ABSORPTION AND COMPUTER SIMULATION STUDIES OF
ELECTRO-OPTIC MATERIALS

S. M. Tomlinsonl), C. R. A. Catlow(1), A. V. Chadwick!2), J, Jones(2),
and H. Donnerburg(3)
(1) Department of Chemistry, University of Keele, Keele, Staffs. ST5 5BG,
U.K.
(2) Department of Chemistry, University of Kent, Canterbury, Kent. CT2Z
TNH. U.K.
(3) Department of Physics, University of Osnabruck, 4500 Osnabruck,

W.Germany.

The structures of LiNb0O3 and LiTa03 were determined some years
ago by X-ray diffraction techniques“vZ). However, despite the
technological importance of these materials, the nature of the intrinsic
defect structure is still uncertain. Moreover, these materials are
frequently used in device manufacture after doping with transition metal
ions such as titanium and iron, which has a very marked effect on the
refractive properties of these materials. The site preference of the
dopant ions and the atomistic basis of their effect on the refractive
properties are also unclear.

We have used X-ray absorption spectroscopy (EXAFS) to investigate
the site preference of dopant transition metal ions (titanium, iron, cobalt
and manganese) in LiNbO3 and LiTa03. EXAFS is a powerful technique
for elucidating the local environment of dopant ions, and hence their site
preference,

Our results are compared with the results of our static simulation
studies. Here we also discuss the problems associated with developing
models for the lattice potential of clectro-optic materials. We will also
discuss our results concerning the intrinsic atomistic and electronic

defects in these materials.
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(1) S.C.Abrahams, J. M. Reddy and J. L. Bernstein, J.Phys. Chem. Solids
(1966) 27, 997.

(2) S. C. Abrahams and J. L. Bernstein, J.Phys.Chem.Solids (1967) 28, 1685.

257




TU - P76

SUBSTRUCTURES IN IONIC CRYSTALS ACCORDING TO THE SELF-CONSISTED
LIDIARD-DEBYE-HUECKEL THEORY
o. CURQUSHEV
FACULTY OF FHYSICS, SOFIA UNIVERSITY
=, "AJIVAMOV" bBlod., 1128 SOFIA, BULGARIA

The self-consistent zlectrostatic Det,e-Hueckel theor;, was
succesfully applied in the theor, of the pcint defects in ionic
crystals for the first time b5y Lidiarg (1). His approach iz
pazed an the linegarised Foisson~Boltimann eguaticn, which as
obtained by the aszumpticn 28 reT. iHere @ iz the celf-
consistent electrostatic gsotentiszl), The :mportance of scol.ing
the ccmplete non-linear Foiszsscn-Esltimann  eguation (MFEE! was
pointed out by kKoehler, Langretn and Turlkcvizh (2). Kliewer and
Koehler applied & <colution cf thev NFEE to describe the
subsurface space-charge layer in igormic crystals. Wide class of
spatialy-periodic soclution of the NFBE was cerived by us (4).
Using these solutions an attempt ha.e been made to euxplain the
formation and some properties of the "Suzuki ghases” (5).

In this paper all pessitle periodic zocluticns of the MNFEBE
in the one- and two-dimensicnal cazes will He presented (&).
Using these periodic sclutions it will &Se shown that another
type of agregates may occur in the system consisting from
charged point defects. All periodic sglutions of the NFBE
possess divergent singularities, which makes the physical
interpretation of these soluticns ccmplicated.

It will be presentec an original methed for the
integration of these singularities and it will be shown that
they are associated with localized charge with determined
value, These localized chargesz are distributed periodicaly in
the space and can be interpreted as & point cdefects

substructure in the main cryztal. The preoposed method of
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integration allows to exclude from the theorv anv eiternal
parametar.

According to this 511 characteristics of the predicted
periodic substructures - pericd, ifree energy. value of the
localized charge, can be eupresszed bty the parameters of the
main crystal. Consequentlv the presented thecrw describes the

ed cefsct’

o+
i}
HY
w

inherent self-organization cf the investigs setam.
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ATOMISTIC CALCULATIONS AND EXAFS OF HALIDE IMPURITIES IN AgBr

Y. T. Tan, R. C. Baetzold, and K. J. Lushington

Photographic and Corporate Research Laboratories,
Eastman Kodak Company, Rochester, NY 14650 USA

The presence of halide iigpurities in silver bromide has been
examined with atamistic simulation methods. Pair potentials are
used within the framework of a central~force model for a crystal
with zero lattice strain. Potentials, employed before for pure
AgCl and AgBr (1), were used as the starting point for defining the
Ag-Ag, Ag-Br, Br-Br, Ag-Cl, and Cl-Cl interactions. The I-I
interaction was taken from potentials for the KI crystal and the
Cl-Br and I-Br potentials were determined by fit to the lattice
constants for solid solutions with Ag(Br,50%Cl) and Ag(Br,25%I)
using a super-cell model (2,3).

Silver halide solid solutions, such as Ag(Br,I) and Ag(Br,Cl),
have been simulated using these potentials together with the HADES
codes. When iodide ions are substituted for bromide ions in the
AgBr lattice, there is a tendency for the iodide ions to aggregate.
The energy of substitution, per iodide ion, is seen to decrease
upon stepwise replacement around a central silver ion. This effect
is more pronounced when the central silver ion is removed, leaving
a silver vacancy, as shown in Table I. Wher; the iodide ions
surround an interstitial silver ion, this energy change is smaller.
Thus, when present in sufficiently high concentrations, iodide
ions will exhibit a tendency for cluster formation, especially

around a silver ion vacancy.

Computations of silver chloro-bramide solid solutions do not
indicate any tendency towards cluster formation. The energy for
substitution, per chloride ion, into the AgBr lattice remains
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constant, with the 0.02 eV precision of the camputations. There
is no change in the substitutional energy whether the central ion
is a silver ion, silver ion vacancy or interstitial silver ion.
These computational results will be discussed in conjunction with
EXAFS data which show the nearest neighbor positions around the
substitutional halide ion in these solid solutions.

Table 1

DEFECT ENERGIES OF IODIDE AND IODIDE CLUSTERS IN AgBr

Energy (eV per iodide ion)

Defect I - Ag I - Ag-vac I - Ag-int
1-1 0.885 0.805 0.93
2-1 0.885 0.77 0.78
3-1 0.625 0.44 0.69
6-1 0.40 0.04
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Deformation and Charge Transfer =ffects on
Defect Properties of lonic Solids.

Sankar P, Sanyal and R.X.Singh

‘faterials Research Laboratory, Physics Departinent
University of Bhopal, Bhopal-462026; 1NDIA.,

In recent years the structure and properties of point defects in ionic cry-
stals have been studied extensively. Secause of the inherent difficulties asso-
ciated with experimental investigations several theoretical methods have recen-
tly emerged {1] to explore the nature of point defascts and their influence in
crystalline materials. Most of these theoretical approaches use a two-body po-
tential to represent the interactions between the ions in defect lattice. Fouw-
ever, such a simple two-body interaction potential fails to describe the perfect
crystal properties, as well as several features of defect properties, such small
values of volume of formation. In an otherwise defect lattice the ions displa-
ced appreciably from their equilibrium, positions which leads to deformation of
the electron shells. Recently it has been shown by Singh (2] that these defor-
ination effects lead to many body interactions.

We have calculated the schottky defect formation energies in alkali hali-
des, metal oxides and halides with CsCl structure using a inany body interact-
ion (MBI) potential for the first time. These MBI modify the ionic charge of
the vacancy and the displaced ions and also consequent polarization mechanis.a
in the defect lattice [3,4l. The calculated energies of formation of Schottky
defects (Ed) agree well with measured values and the contribution of i3I to
Ed is about 5 to 10%., Influence of the MBI on volume of formation of Scho-
ttky defect has been investigated in details using the method suggested by Gi-
Hlan [5). The most striking feature of the present results is that it explains
the low values of volume formation in four alkali halides for which data are
available. The results on calculated values of F-band energies from this model

are also encouraging.
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EFFECT OF PLASTIC DEFORMATION AND
THERMAL TREATMENTS ON THE ITC SPECTRA OF Ba,_,La,F,,;

N. Suarez, M. Puma and F. Lorenzo
Physics Department, Universidad Simén Bolivar, Apartado 89.000, Caracas, Venezuela

The origin of the intense relaxation peak observed at high temperature, HT peak. in the
ITC spectrum of all the solid solutions of the type Baj_ RE:Fa4; where RE represents
a trivalent rare-earth cation has been attributed either to the effect of the dislocations
similar to a Maxwell-Wagner interfacial polarization{!) or to a space-charge relaxation
due to the accumulation of charges near the electrodes/®). The behavior of this HT
peak is anomalous when compared to the well-behaved simple dipole relaxation which
occurs at much lower temperatures. We present here the results of an ITC study on
the Ba;_,La F2 ., system for 0.0001 < x < 0.15 after plastic deformations or thermal
treatments as compared to the non-treated crystals. The position of the maximum of
the HT peak, Ty, is always a decreasing function of the doping level, x, while the height
of the peak, Hc, increases for the non-treated samples as can be seen in fig. 1. After
a plastic deformation consisting of a sample compression the low-temperature located
dipole relaxations remain unchanged while the HT peak presents a drastic reduction in
its intensity and a displacement of its maximum towards lower temperatures, as shown
in fig. 2 for the crystal with x=.002 and with a deformation degree equal to 1.2%. This
reduction in the Tas value was also observed for crystals quenched to room temperature
from 1200K. If instead of rapidly quenching the crystals, an annealing with a low cooling
rate of 10K/hr was performed the inverse behavior occurred, that is, the T increased
again to higher temperatures. The dislocation density, p, was also estimated on the
treated crystals and it was found that as x increases, p decreases for crystals with the
same kind of thermal treatment. Also the polarizing conditions (applied electric field.
polarization time and temperature) were varied without finding any unexpected change
in the ITC spectrum of all the crystals studied here. The various results reported here
can be understood in terms of the Maxwell-Wagner interfacial polarization proposed
to explain polarization effects in heterogencous dielectrics. The occlusions formed by
higher conductivity regions coincident with the mobile defects cloud surrounding the
charged dislocation line are characterized in this model by two geometrical factors, A
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and q which are related to the size and fraction of the volume occupied by the occlusions.
The decrease of the HT peak after the plastic deformation is interpreted following
Suszytiska et al(® by the creation of fresh dislocations together with the sweeping away
of the existing dislocation lines from the charge compensating cloud that surrounded
them. This effect will decrease A and/or q and thus the intensity of the peak which is
proportional to gA%. Also the behavior of Tp with x and the treatments of the samples
is coherent with this model. The space-charge relaxation model even if it can account
for some of the facts reported here does not give a complete explanation for all the
experimental evidence gathered here.

1) E. Laredo, M. Puma and D. Figueroa, Phys. Rev. B19, 2224 (1979).
2) P. Miiller, phys. stat. sol.(a). 28, 165 (1974).
3) M. Suszyriska and R. Capelletti, Crystal Res. & Technol. 19, 1385 (1984).
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DIELECTRIC LOSS IN BERLINITE*

John J. Fontanella and Mary C. Wintersgill
Physics Department
U. S. Naval Academy
Annapolis, MD 210402-5026

R. D. Shannon
Central Research and Development Department
Experimental Station
E. I. Du Pont de Nemours and Company
Wilmington, DE 19898

George R. Rossman
California Institute of Technology
Division of Geological and Planetary Sciences
Pasadena, CA 94025

B. H. T. Chai
Allied Corporation
Morristown, NJ 07960

Audio frequency complex impedance measurements have been carried out over
the temperature range 5.5-380K on samples of berlinite (aluminum
phosphate) both parallel and perpendicular to the optic axis. The
berlinite samples contain varying amounts of water,

A1l berlinite samples exhibit a well-defined electr.cal relaxation in the
vicinity of 40K, The peak is analyzed using various models such as
Cote-Cole, Havriliak-Negami, and Williams-Watts and activation parameters
are reported. It is found that the relaxation is about twice as strong
perpendicular to the optic axis as it is parallel to the optic axis. The
peak is tentatively assigned to hydroxyl ions which are incorporated into
the lattice. The reason is that the strength of the peak tends to
increase as the water content of the samples increases though not as fast.
For example, perpendicular to the optic axis the maximum values of
tan(delta) at 40.4K and 1000 Hz are 0.00135, 0.00168, 0.00210, and 0.00250
for nominal water concentrations of 20, 200, 250, and 1000 ppm. However,
the trend is not so clear parallel to the optic axis as the 200 ppm sample
fails to follow the behavior of the other samples. No direct correlation
with auxiliary measurements such as IR or NMR has as yet been obtained.
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With the exception of the 200 ppm sample, the materials also exhibit a
relaxation above 200K. This relaxation is much stronger, with tan(delta)
values on the order of 0.08. No trend with nominal water concentration is
apparent. Also, the temperature dependence of the relaxation is not
"normal" being significantly different from that observed for rare earth
doped alkaline earth fluorides, for example.

Finally, the two 1000 ppm samples exhibit large conductivity losses above
room temperature. This is attributed to water in the samples.

*This work was supported in part by the Office of Naval Research.
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DIELECTRIC LOSS OF OH™ IONS IN ALKALI MALIDES

Laercio Gomes
Instituto de Pesquisas Energeticas e Nucleares - Caixa Postal 11049
Sao Paulo - Brasil
Fritz Luty
Physics Department, University of Utah - Salt Lake City, Utah - 84112

The presence of substitutional OH ions in crystalline matrices of
KC1, KBr and RbBr at high concentrations, 107* to 107> mol parts,introduce
low frequency dielectric loss peaks in the range of 10to 10° Hz at LNT,
measured by ac technique. The observed loss pesks are attributed to an
Arrhenius type mechanism of OH isolated dipcle reorientation over the
potential barrier. Each activation energy measured for reorientation is
in the magnitude range of a rotational barrier height estimated for an
OH™ ion placed in the octahedral field of the respective host lattice.
The verified linear dependence of the integrated imaginary dielectric
constant A{e'')with the OH  concentration and with T°!, suggested these
effects were produced by isolated OH dipoles. By correlating the loss
peaks areas, A,(e") for the classical reorientation atNLNT 2nqrA1(e”) for

2 2 2

quantum tunneling at LHeT, it was verified the ratio — =
Nt AT

the number of OH dipoles which effectively contribute to both processes.
The ratio —= was verified to be equal to - for the most dilute OH
dipole systeﬁ (3.4 x 107" mo1 parts of OH") we were able to measure
(by LNT loss peaks).

Our interpretation for that observation is that the classical

between

reorientation strenth is decreased by factor of 3 due to the OW
dipole quantum tunneling between the six (100) directions of equilibrium
at the site. This fast tunneling decreases the effective time spent by
an OH dipole in a particular direction of the applied ac electric field
during the classical jump.
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THERMOLUMINESCENCE AND IONIC THERMOCURRENT IN CALCITE

J.F. de Lima
Depto. de Fisica, Universidade Federal de Sergipe, Brasil

E.M. Yoshimura and E. Okuno
Depto. de Fisica Nuclear, Instituto de Fisica, Universidade de
S.Paulo, Caixa Postal 20516, CEP 01498, Brasil

In this work, samples of natural CaCO, (crystal of
trigonal symmetry) collected near Miranda, Mato Grosso do
Sul, Brasil, were used. Chemical analysis of this calcite
performed by X-ray fluorescent spectroscopy and atomic
absorption showed the presence of the following impurities:
Si, Al, Fe, Ti, Mg, Na and K. On the other hand, EPR spectrum
revealed a strong characteristic signal due to Mn.

The thermoluminescence(TL) glow curves of calcite
annealed at 673 K for lh and exposed to gamma rays of e
were obtained using a heating rate of 2.7 K/s. Figure 1 shows
one typical glow curve with three peaks at 423, 523 and 623 K.
Analysis using different models shows that these TL peaks ‘obey
a second order kinetics and their thermal activation
energies are respectively (1.3 £ 0.1), (1.5 £+ 0.1) and
(1.7 £ 0.1)eV.

Ultraviolet light strongly affects the TL induced by
gamma rays, decreasing the peak heights corresponding to traps
filled during the gamma irradiation. Charge transfer from
deeper to shallower traps is also observed when the UV
irradiation 1is performed after thermal annealings that
eliminate the first and/or the second peaks of the TL glow
curve.,

The ionic thermoconductivity (ITC) spectrum of a virgin
sample of calcite, shown in Figure 2, reveals four bands. The
temperatures corresponding to the maxima of these bands are:
197, 212, 257 and 304 K. The amplitude of the 197 K peak is a
linear function of the polarization field up to 18 kV/cm,
suggesting a dipole relaxation mechanism. The activation
energy corresponding to this band, obtained using the initial
rise method, is 0.34 eV. Different thermal treatments could be
done in order to study the nature of the bands.
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The present work deals with natural calcium
fluoride from Criciama , Santa Catarina. Thermally 3timulated
Depolarization Currents (TSDC) can be used to determine the
properties of dipole defects present in this crystal. The
TSDC spectrum of this material shows three bands in the
temperature range of 80 to 450 K (figure 1). The first one, at
130 K, is due to the dipoles formed by a trivalent impurity
and an interstitial fluorine fon in the next nearest position
of an impurity ion (nn Rs3+ - F;) 4B The second one, at
202 K, is due to the presence of small aggregates of dipoles
(like a dimer) ‘%?. The last band, at 360 K is due to the
formation of large clusters. The continuous distribution model
gave the best fit for these bands with mean activation
energies of 0.41, 0.60 and 1.02 eV for the first, second and
third band respectively.

Thermal treatments can modify the number of
dipoles, dimers and clusters present in the crystal. In this
work we used thermal treatments between 15 minutes and 10
hours and temperatures between 473 K and 773 K. For thermal
treatments at 573 K, the dipoles and dimers are created and
the clusters are destroyed as the time of thermal treatment
increases (figure 2a). At 673 K the clusters are created and
the dipoles and dimers are destroyed (figure 2b). At 773 K the
three kinds of defects are destroyed (figure 2¢). An
equilibrium concentration 1is observed after 2 to 3 hours of
thermal treatment . This equilibrium concentration is a
function of the thermal treatment temperature and shows a
maximum, in the temperature range used around 573 K, for the
dipoles and dimers, and 623 K for the clusters (figure 3).
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DIELECTRIC RELAXATIONS ASSOCIATED WITH RADIATION INDUCED
POINT DEFECT DIPOLES IN ELECTRICALLY INSULATING CERAMICS

S.N. Buckley and P. Agnew

Materials Development Division, Harwell laboratory, UKAEA,
Didcot, Oxfordshire, UK

Auxilliary heating of thermonuclear plasmas by ion cyclotron
resonance coupling requires prodigious quantities of radio frequency power
to be transmitted into the reactor vessel via dielectric windows. The
technological upper limit is defined by thermomechanical stresses induced
in the window material by dielectric losses associated with point
defect-impurity atom electric dipoles. Low loss compositions are
essential but it 1is conceivable that, even then, there could be
progressive deterioration in service due to high energy neutrons and
Y-rays emanating from the plasma creating additional point defects and

impurities (transmutation products) or altering their charge states.

The magnitude of such deterioration is assessed by measuring
dielectric losses at MHz frequencles in refractory low loss ceramics
before, during and after irradiating by 3 MeV protons, generating 10-7
displacements per atom s‘l, or by 60 kV X-rays at 8 Gy sl

Pronounced increases in dielectric loss are observed in all the
materials after proton ifradiation, values recorded during irradiation
being marginally higher than immediately afterwards. Unlike virgin
material, where low loss tends to be synonymous with purity, high grade
single crystals develop much higher losses during irradiation than
relatively impure polycrystalline commercial ceramics. Radiation induced
defect concentrations of 102 increase dielectric losses by up to three

orders of magnitude.

The nature of the point defects responsible for radiation induced

increases in dielectric loss is discussed.
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Measurements of dielectric losses in a wide frequency range are of
most importance for fusion applications. Besides other processes,
radio frequency induced dipole oscillations might lead to energy losses
at the working temperatures of fusion devices.

The thermally stimulated depolarization/polarization currents
(TSD/TSP) experimental technique has been so far very useful to detect
dipolar orientation (1) as well as spatial charge (2) processes. It
can provide a very useful information about the dielectric constant at
low frequencies.

This paper presents a study on TSD processes between 10 and 300K in
polycrystalline MgAl,0,, which is a candidate insulator material for
fusion applications. Figure 1 shows a TSD spectrum of this material at
a heating rate of 0.13 Ks . Peaks at about 65 (I), 120 (II), 155
(111) and 275 (IV) K are clearly observed.

A 1linear dependence gf peak intensities on the applied electric
field (E_ ) up to 30000 Vcm =~ has been found to occur for peaks 1 to
III. e temperature at the maximum does not vary with the
polarization temperature (T ). Besides this, it 1is unlikely to have
spatial charge processes at those low temperatures; so these TSD peaks
might be ascribed to dipolar relaxation processes. The peak shapes
have been fitted by a recently proposed method (3) and values for
activation energies and relaxation times have been obtained.

The behaviour of peak IV is different from the others. It is very
wide and the temperature and the current intensity at the maximum
strongly depend on the polarization temperature. These features,
together with the fact that appreciable ionic conductivity values have
been obtained in the temperature range in which this TSD peak appears
(4) seems to indicate that it might be due to a spatial charge process.

TSP measurements are now under tl . way 1in order to confirm the
proposed models.
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THE EVOLUTION OF DIELECTRIC PROPERTIES INDUCED BY ANNEALING OF
NEUTRON DAMAGE IN Al203

R. Heidingera), F, Konigerb)

a) Kernforschungszentrum Karlsruhe
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Postfach 3640, 7500 Karlsruhe 1, FRG

b) Universitidt Karlsruhe
Institut fiir Hochstfrequenztechnik und Elektronik
Postfach 6980, 7500 Karlsruhe 1, FRG

Insulating ceramics form a central part for radiofrequency heating concepts in
nuclear fusion technology being used as transmission windows. They combine low
absorption of electromagnetic power with good mechanical behaviour, compared to
insulating polymers under fast neutron irradiation originating from the D-T fusion
reaction. Alumina (a-Al203), which constitutes a primary material for this
application, was selected for the determination and interpretation of the changes in

dielectric parameters caused by neutron induced defects.

Single crystals (sapphire) as well as dense polycrystalline material (Al23, purity:
99.5 %) were irradiated with fast neutrons to a fluence of 2.6x1020 n/em? (E > 0.1
MeV). Model calculations for the irradiation rig revealed a maximum temperature of
215 “C. The dielectric properties were measured at 52 MHz - within the frequency

.ze of Ion Cyclotron Resonance Heating - and at 30 - 40 GHz - near the frequency
range of Electron Cyclotron Resonance Heating (ECRH). Generally the dielectric
parameters, the permittivity (Re ') and the dielectric loss tangent (Im ¢r'/Re 1y'), are
increased by the stable defects set at this irradiation levei. At 30 - 40 GHz for
sapphire, however, an increase in dielectric loss was not resolved. Further data will be

given for 145 GHz, a frequency within the range of ECRH.

The correlation of the increase in the dielectric parameters and the radiation induced
defects was monitored by thermal annealing studies. Heating specimens of both
materials to 1000 °C in air for 15 h restored the dielectric parameters of the
unirradiated specimens. Also the volume swelling AV/V, 0.6 (+ 0.1) % for sapphire and
0.5 (¢ 0.1) % for AL23, in the as-irradiated samples, was no longer observed then.
Series of heat treatments and dielectric measurements have been performed up to

1100 °C, at each step increasing the annealing temperature by 100 °C, Whereas the
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curve for sapphire at 30 - 40 GHz shows only a constant small decrease in
permittivity, AL23 exhibits at the same frequency strong diminuation of the
dielectric parameters between 300 °C and 500 °C. For higher temperatures the
behaviour approaches that of sapphire. At 52 MHz, the dielectric parameters stay at a
constant elevated level up to 700 °C in sapphire. Then a rapid decrease sets in, and
the values of the un-irradiated samples are reached at about 1100 °C. The annealing

behaviour will be compared with heat treatments in vacuum.

Obviously the most effective sources for polarization at 30 - 40 GHz are affected by
heat treatments between 300 °C - 500 °C. This type of defect is much more frequent
in our polycrystalline material than in the single crystal. On the other hand, the
sources for dielectric dissipation at 52 MHz are not diminished but above 700 °C.
These findings will be put into relation to the investigation of Atobe et all on
aggregate centres in reactor irradiated single crystal A1203 by thermochemical and
photochemical methods, in which mono- and divacancies are seen to cluster between

350 - 450 °C and larger aggregates to anneal out between 600 °C and 900 °C.
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Fig. 1: Annealing behaviour of dielectric parameters in a) sapphire and b) AL23
irradiated to 2.6x1020 n/cmZ (E > 0.1 MeV) measured at 30 - 40 GHz. Hatched
areas indicate values of unirradiated material.
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DIELECTRIC MEASUREMENTS OF IMPURITY INDUCED DYNAMICS IN
Fe DOPED BaTiOs

M.Maglione, R. BShmer, A. Loidl
Institut fir Physik, Universitat Mainz, D-6500 Mainz
and
G. Godefroy
Laboratoire de Physique des Solides,
Université de Bourgogne, F-21000 Dijon

Pure BaTiOs is an extensively studied perovskite-type crystal
which undergoes a first order ferroelectric phase transition
at T.=403K. The transition is induced by the softening of an
transverse optical phonon, which describes the oscillations of
Ti4* ions against the surrounding oxygen cages. When the
transition temperature is reached, the coherence 1length of
thes= oscillations diverges giving rise to the low temperature
ferrnelectric phase. There is still a continuing debate
whether this transition is displacive or order-disorder 1like.
In addition, Raman scattering (1) and Electron Paramagnetic
Resonance experiments (2) pointed towards a critical low
frequency (v<10!°Hz) dynamics in BaTiOs near Tc. To elucidate
some of these questions it seems essential to study the
dynamics of the phase transition 2zt frequencies from MHz to
GHz and to study the influence of impurities on the behaviour
at the phase transition temperature.

Here we report the first observation of the dielectric
dynamics in the radio frequency range (1MHz<v<1GHz). The
experimental setup was based on a Hewlett Packard 4191A
Impedance Analyzer. Temperatures from 10K to 460K can be
reached using a closed cycle refrigerator or an oven. The
sample and the measuring port of the impedance analyzer are
connected by an air line. Real and imaginary part of the
dielectric constant were measured in pure Barium-Titanate and
in Fe doped samples. The dielectric dispersion was measured as
a function of frequency. temperature (T>300K) and Fe-
concentration x with x= 0, 0.045%, 0,075%, 0.5% and 0.9%.
Special care has been taken to avoid the effects of domains on
the dielectric response. Our preliminary results are
consistent with low temperature (T<300K) data published
previously (3).
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Fig. 1 shows the dielectric loss &” versus frequency in
BaTiOs doped with 0.075% Fe at T=414.4K. These data clearly
demonstrate, that the main absorption processes occure in the
MHz to GHz range. The experimental results are indicative for
a single relaxation-time process. The solid line in Fig. 1 is
the result of a fit using a Debye model:

e" = age Q1 / (1 + Q% 712)

where the measuring frequency v=Q/2T, 71 is the relaxation time
and ¢ 1is the dispersion step (zg=gs-¢~).
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Fig. 1:

Dielectric loss of BaTiOs
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The Debye model gives a good description of the observed
dielectric dispersion and the parameters of the best fit were
found to be:

2£=10650.

T = 2.94ns
The observed relaxational behaviour is compatible with the
assumptions made from EPR experiments which were performed at
10GHz (2).
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DIELECTRIC PROPERTIES OF CONDENSED FLUORNCARBON MIXTURES

R. Béhmer and A. Loidl

Institut fiir Physik, Universitat Mainz, D-6500 Mainz

The substitution of isotropic molecules by anisotropic species
yields well defined defects states in crystals. This allows to
study the molecular relaxational dynamics due to crystal
field effects and due to interactions between the molecules.
If the interactions are strong and dominate over single ion
relaxational phenomena a glasslike freezing-in may be observed
yielding a low temperature orientational glass state (1). Well
studied examples of orientational glasses are alkali cyanide-
alkali halide mixtures (2).

In this communication we present experimental results on mixed
molecular systems. The aim was to find new candidates of
orientational glasses and to investigate in detail the
transition from single particle behaviour to glassy
relaxation. To study the slow dynamics which is essential for
an understanding of the glass state simple tetrahedrally
coordinated molecules were chosen.

Attempts were made to solve the trifluorinated methanes CHFs;,
CClFa and CBrFs in condensed 7“F4«. The miscibility of 1liquid
CF« with various defects has been investigated in great detail
(3). However, information about solubility in the solid state
has so far only been achieved for the system CFq:Ar (4). While
CFs forms a plastic crystal, CHFs and CBrFs; freeze 1into
dipolar rigid configurations at the melting point. Dipolar
reorientations around the carbon-substituent axis could not be
detected. However, in solid CClFi (99.999% purity) dielectric
relaxations were observed.

Complete solid state immiscibility of CHF: and CBrFs in CF«
was found, while in the mixtures with CClF: limited solubility
is observed. Here the dipolar reorientations of the CClF:
molecules in the CF« matrix could be investigated. The
miscibility behaviour 1is explained wusing arguments of
solubility theories (3).
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ITC -SPECTRA OF NaCl -CRYSTAL CONTAINING Cr3*-IONS
M. Suszyfska* and R. Capelletti**
*Institute of Low Temperature and Structure Research,

Polish Academy of Sciences, 50-950 WROCEAW, Poland

**physics Department of Parma University,
43-100 PARMA, Italy

The purpose of the ITC-experiments described was to obtain informations
concerning the properties of dipolar defects in NaCl crystals doped with
Cr3+ ions. These studies have been complemented by spectroscopic (AAS,EPR)-,
mechanical (yield stress)- and electrical (conductivity) -measurements.

Fig. 1 presents typical ITC-spectra of NaCl crystals nominally doped
with 500 mppm of Cr3+. Within the Tow ~T -range the effects of polarization
conditions (Tp ,Tf ,V_) are shown for as received (curves 1, 2) and, solu-
tionlﬁreated (quenched to RT after 30 min at 873) samples (remaining curves).
It is supposed that the Tow-T-band in as received crystals is related with
1.v.V, dipoles (1} Me3+ jon bounded with 2 cation vacancies), whereas the
high-T-relaxation is of the Maxwell-Wagner type.

The analysis of these bands revealed that:

1. For the concentration range studied no simple relation between cr3* —con-
tentand band-intensities was found, indicating that the processes regis-
trated are not directly related to the dopant level. Possible reasons:
not all chromium is present in the trivalent (paramagnetic) state; the
small Cr3* ions are partly at off-center positions with small value of
dipole moments;

2. The I.V.V. (Me3+) dipole band is distinctly broader than the I.V. (M92+)
band, its amplitude is linearly dependent upon polarisation voltage, sug-
gesting the presence of dipoles in nn- and :nnn-configurations. The reac-
tion of this peak to the choice of polarisation condictions confirms
this suggestion;

3. Thermal- and mechanical-treatments are, among others related with the ap-
pearance of a new low-T-band (at the expense of the high-T-band), posi-
tioned below ihe dipole band. The effect of both treatments is probably
related with re-distribution of the impurities segregated near fixed dis-
locations and with formation of complexes of much simp]é& nature.
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Although the ITC-studies are of preliminary character, the results ob-
tained are in qualitative (at least) agreement with the magnetical-, elec-
trical- and mechanical-characteristics of these crystals.
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CHARACTERISTIC FEATURES OF THE BISMUTH CENTRES
IN ALKALI HALIDE CRYSTALS
M. Suszyfiska* and R. Capelletti**
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**physics Department of Parma University,
43-100 PARMA, Italy

A correlated set of experiments have been performed with a view to study
the defec€§?913+ doped NaCl, KC1 and RbCY crystals; for Nall the effect of
Bi0* centers was studied, too.

From among the data obtained the following facts merit the attention:

1. The ionic radius of the dopant (r3+) is smaller than the radius of the

host cation (r1+), and for the majority of systems r = (ry /r,,) < 0.7
predicted as upper limit of nnn -n% -1.V.-dipoles [11;

2. Hydrolytic properties of the Bi3* jon are responsible for the formation
of Bi0'-ions also in crystals doped with B1'3+ e.g. during high-T-anneal-

ing performed in air; this has been evidenced by the optical absorption-

and tg & -measurements performed for crystals of the same origin {2];

3. Trivalent Bismuth is not paramagnetic; during all experiments performed
the dopant remained in the trivalent state;

4. Optical absorption spectra of Bismuth are similar to those characterist-
ic of other heavy metal ions with 52 -outer electronic configuration;

the so called A -band was used as the concentration -band;

5. Comparison of conductivity plots (o vs 1/T) with the data characterist-
ic of nominally pure NaCl crystals proves the low solubility of Bi3+ in

these crystals. Comparison with the data for AH:Me3+ systems suggests the

introduction of 2 cation vacancies per each Me3+ ion;

6. Because of (2) and (5) some of the ITC -data are not accessible for an
exact analysis, cp. the overlapping of the I.V.V.—Me3+-dipole band with

the relaxation related to the presence of H20 5

7. The most characteristic features of the ITC-spectra:

a) NaCl:Bi3+, Bio*: nothing in the low-T-region foras received Bi3*—dop-

ed crystals; compored bond for NaC1:Bi0" with relatively low activation

energy; quenching from 873 K introduces a strong H20-relaxation; plastic
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deformation introduces a second low-T-band in BiO+-doped crystals,
which strongly decreases with RT-storage;
b) KC1:Bi>" : nice Tow-T-band (204 K) with a distinct branch at 306 K;
the amplitude (H) and position (T) of the band are reacting to the choice
of polarisation conditions in a similar way as was observed for LiF : Ti
[3]; moreover, H is proportional to the dopant level; prolonged anneal-
ing yields a shift of T towards low T's ;
c) RbC1 : Bi3*: distinct low-T-band (219 K), the intensity of which is
practically insensitive to the choice of Tp and Tf ; prolonged annealing
at 873 K introduces a second low-T-band, and causes a shift of both to-
wards lower-T's as well as an increase of H of the high-T-band.
For all systems: H of the high-T-band is small and decreases with high-
-T-annealing; this treatment yields also a shift of the peak-position.
The effect of plastic deformation resembles that observed for AH:Me2+ Sys-
tems [4].
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KINETICS OF AGGREGATION AND PRECIPITATION
IN NaCl CRYSTALS DOPED WITH Eu2*

A. Gubarski*, M. Suszyfiska**, D. Nowak-Wozny**
*Institute of Fundamentals of Electrotechnics and Electrotechnology,

Technical University, 50-370 WROCLAW, Poland

**Institute of Low Temperature and Structure Research,
Polish Academy of Sciences, 50-950 WROCLAW, Poland

The kinetics of Eu2+

~clustering process in NaCl crystals was studied by
means of the ITC technique. Two kinds of solution-treated (ST) crystals,
containing 120 and 290 m ppm of Eu2+, were annealed at temperatures (Ty)
between room temperature (RT) and 333 K. In order to determine the nuclea-
tion mechanism some of the ST samples were deformed. The results obtained
are discussed in frames of a model elaborated previously on the basis of

some optical data [1].

For an initial concentration of 97 m ppm of I.V. dipoles and T3 > RT
the precipitation phenomena occur in two more or less distinct stages:
1. clustering governed by a preferential segregation near dislocations, and
2. dislocation-aided co-alescence. The former process yields clusters of
unknown chemical composition, and the latter one-particles of the NazEuC14-
-phase [1]. The entire process is governed by the growth of losely-bound,
linear dimers already present in the ST-state.

For slightly-doped crystals (100 % of I.V. dipoles in ST-samples) the
incubation-period, detected at RT, shows that this two-stage decomposition
process is limited by the nucleation of dimers.

The lack - for both crystals - of a truely horizontal plateau-region
suggests that the precipitation starts before the nucleation is complete.

Because the plastic deformation (1 % compression) does not change the
rate of the solid solution decomposition, it has been concluded that dis-
locations are easy diffusion paths (promoting the growth process) rather
than nucleation sites. In favour of this explanation is the activation
energy characteristic of the process studied. The estimated value (0.7 =
+ 0.9 eV) is too large for simple aggregation but distinctly smaller than
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the heat of activation for a process limited by the buik-diffusion.
The homogeneous character of the nucleation process agrees with the coher-
ent character of the NazEuC14 particles.
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Electron trapping in H2- defects during the photoconversion of
anion vacances in thermochemically reduced Cal crystals.

V M Orera
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Y.Chen

Solid Syate lyvasson. Oak Ridee Nationsl Laboratory Oek Ridoe fennessee 7795/

The origin of the F-center phosphorescence at temperatures around 295 K in
thermochemically reduced (TICR) Mgl and Cal) crystals has been recently elucidated
{(12] It has been shown that the long-lived luminescence, is related 10 the presence
of H- jons (protons in anion sites each with two electrons) detected through their
vibrational bands in the IR absorption spectra The presence of several IR bands
related to H ions, whose relative intensities change when samples are treated in
different ways (electron irradiation, thermel enneslings. doping with alkali
impurities, etc) indicates that H- ions are incorporated in the lattice during the TCR
process in the form of diferent compiexes, presumably perturbed by other defects or
impurities.

Optical pumping on the F-center absorption band. which 1s the predominant
defect 1n TCR crystals, produces their photoconversion to F¢-centers by a
photoionization mechanism. In strongly reduced samples, the process is active even
at temperatures s low as 4 K. Upon warming up. the system returns 10 its original
state giving rise to several thermoluminiscence glow peaks Obwviously, different
metastable electron traps are produced during the photoconversion process. Two
different electron traps involving H- ions have been found recently in TCR MgC
crystals [3] In the present communicaton we show that a similar situalion oceurs it
TCR Ca0 samples.

Optical pumping of the I band at temperatures abave 100 K destroys one of the
H™ bands { 880 cm 1) and creates two new infrared bands (1046 and 1474 ¢! ). Ve
explain the process as follows (2}

F+ Av(blue light) — F* —sF*+e-

e + He—sp H2(IR).

The reverse of this mechanism is the responsibie for the F phosphorescence
and thermoluminescence near 300K The H2-(IR) defect is stable in the dark at lower
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teperatures The process can be efficiently reversed by exposing the samples 10
visible light al any temperature In particuler the H2 (IR) defects are readily
dieached by the I fluorescence (600nm )

Pumping with F-light st 77 K produces photwionization of F-centers and a
decresase in the 880 ¢m ! Jocal mode, but this decrease is not completely compensated
by the increase of the H2°(IR) bands. In contrast to F-center bleaching at higher
temperatures, the H™ absorption band recovers in seconds in the dark at 77 K The
complementary evolution is observed in the EPR E* signal. The electrons released at
77 X results in H-complexes other than the H2-(IR). This is rejated with the decay of
the F-center fluorescence above LNT [41

Below 77K bleaching of F-centers does not produce any detectable change in
the IR spectra The lack of long range electronic transport is consistent with the
absence of photoconductivity [4) Neer 10 X F-center bleaching is attended dy the
production of & different H2" related defect observed by EPR [51The signal
corresponds to a defect with low symmetry (less than axial) and can be assigned to
perturbed H2 ions. They ere thermelly unsteble and eccounts for the small and
almost temperature independent F-center phosphorescence observed at temperatures
below 30 K. The existence of close F-H- pairs in crystals having a high concentration
of both F and H- defects (1 x 10 18 ¢cm-3) is proposed. Phototonization of E-centers at
fow temperatures can take place via a tunnelling transfer from the F-center excited
swate 10 the H- ions

Ve conclude that at lesst two hydrogen related defects are active as electron
metastable traps in highly coloured Cad during the F «——[F* photoconversion at
temperatures befow RT

[t] VM Oreraand Y.Chen. Phys Rev. B 36 6120 (1967).

2] VM Oreraand Y Chen Phys RevB 36,1244 (1987).

3] Y.ChenandV M Orera J of Lumin. (in press).

{4} LS Velch, AXHughes and G P. Summers. J of Phys.C 13 1791 (1980).
(51 HT Tohver. ] Tombrello and Y.Chen. Phys. Rev. B (if press).

* This research weas sponsored by DARPA under Intersgency Agreement 40-1611-85

and with Marun Marietta Energy Systems. Inc Contract No. DE-AC05-840R21400 with
the USDOE.
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AGGREGATION KINETICS OF I.V. DIPOLES IN NaCl:Eu2+ CRYSTALS

B. Macalik and J. PoZniak

Institute for Low Temperature and Structure
Research, Polish Academy of Sciences
50950 Wroctaw, P,0. Box 937 ( Poland )

The influence of thermal annealing of NaCl samples con-
taining about 120 ppm Eu2+ on the aggregation of pertinent
1.V, dipoles was examined by ITC method. Additionally, the
aggregation was controlled by the measurements of optical ab-

sorption spectra.

In the temperature range 30-70°C the I.V. dipole decay
curves consists of three stages: initial rapid decay followed
by a plateau and a renewed but much slower decay. Using the
kinetic model presented in ( 1 ), it is possible to describe
the decay kinetics within first two stages in terms of rever-
sible processes of dimer and trimer formation and to calculate
t..e activation energies of formation and decomposition of both
aggregation forms ( 2 ). According to optical absorption spe-
ctra the first aggregation stage is accompanied mainly by a
small and continuous absorbance drop of 238 nm band. In the
second stage (plateau) there is observed a small shift of this
band towards lower energies what can be explained in terms of
formation of europium rich foreign phase nuclei. In the third
stage a distinct growth of a band peaking at 263 nm, and po-
ss8ibly due to the growth of foreign phase precipitates, is
observed.

The decay curves cobtained annealing at 80°C and 100°C
bear a complex character (transient partial recovery of
impurity~vacancy dipoles following the initial rapid drop).
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The changes in absorption spectra are in general similar to
those observed in samples annealed at lower temperatures,

The 1.V. dipole decay curves obtained for the samples
annealed at 225°C, 235°C and 250°C are most probably
characteristic of a prccess in which the major part plays
foreign phase growth. The activation energy of this process
amounts to 1.12 eV and is significantly higher from that
characteristic of the dimer (0.64 eV) and trimer (0.35 eV)
formation. The absorption spectra of the sample annealed at
these temperatures reveal, from the very beginning of this
treatment, a continuous growth a2 band with distinct structure
and localized at low energy side of the original 238 nm band.
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ABOUT THE ORIGIN GF TL PEAK 2 IN THE LIF:Mg,Ti SYSTEM

Akos Petd
Institute of Isotopes
H-1525 Budapest, P. 0. Box 77

This paper reports on the thermoluminescence measurements per-
formed on LiF:Mg,Ti(0OH) crystals. The crystals were doped with
10 ppm Mg and 10 ppm Ti, and grown in free air.

The TL measurements were carried out in the dose range 50-5000
rad and for preirradiation heat treatmernts in the 100-400 C tem-
perature range. A typical glow curve is shown on Fig.1l. It
shows only two peaks, denoted with a and p. Peak a could be per-
fectly fitted with first order kinetics using the parameters E=
1.09 eV and s=1.1x101} l/s. These are in very good agreement
with the parameters published by other authors for peak 2 in
TLD-100 (1). The effect of different preirradiation heat treat-
ments on the intensities of peaks a and b can be seen in Fig.2.
To establish the relation between peak a and peak 2, the glow
curves of a TLD-100 single crystal and a Mg free LiF:Ti crvstal
were also recorded after a preirradiation annealing at 400 C for
1 h. The 'ow temperature region of the glow curves are shown on
Fig. 3.

In the generally accepted model, the charge +traps responsible
for peak 2 in LifF TLD-100 are I-V pairs (2). DOuring low tempe-
rature annealing, the pairs agglomerate, decreasing peak 2 and
increasing peak 5. At high annealing temperatures the agglome-
rates dissociate, resulting in a large peék 2 and a small peak
5. The experimental results descrivbed above do not agree with
this model. Based on the following arguments, the behaviour of
peak a can be understood if we assume, that the charge traps
responsible for this peak are Ti-0OH defects.

1. Grown in free air, the crystals should contain a lot of OH.
2. In spite of the low Mg content, the intensity of peak a is
higher than that of peak 2 in a typical TLD-100 sample.
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3. Peak a is quite unsensitive to heat treatment, which is
characteristic of Ti related defects.
4, Pure first order kinetics suggest a locally related untrap-

ping - recombination process.

If we assume peak 2 in TLD-100 and peak a to be of the same ori-
gin, then the shift in peak temperature /Fig.3/ can be interpre-
ted as the perturbing effect of I-V pairs on Ti-OH defects,
which increases with increasing Mg concentration.

x> ir .
® ‘-[ pesk 1 g3 peak 2
= o . .
. o
>
A .
2 r S
2 | + + + .
.
E p.:t .b- e i
100 200 300 400
'-" annesling temp. C
Sk eak b .
5 poax 2 Fig. 2
s
L
"
-
— Y —
100 200 300
temperature c temperature Cc
Fig. 1 Fig. 3
REFERENCES

(1) R.G. Fairchild, P.L. Mattern, K. Lengweiler, P.W. lLevy
J.Appl. Phys. 493 (8) 4523 (1978)
(2) S.W.S. McKeever Rad. Prot. Dosimetry § (1-2) 3 (1984).

296



TU - P95

2+

AGGREGATION PROCESSES IN NaCl:Eu SYSTEM .

R.Capelletti® , R.Cywinski®® , M.Manfredi® and
H.Opyrchal®®

°Dipartimento di Fisica , Universitd di Parma ,Parma
Italy ,

°°Institute of Low Temperature and Structure Research ,
Polish Academy of Sciences , Wroclaw , Poland .

Early optical measurements on Eu?* aggregates

in the NaCl:Eu2+ system were performed by Lopez et al. (1).
The emission band of this system is peaking at 427 nm when

Euz+ ions are chiefly contained in the form of impurity-va=
cancy dipoles . When the dipoles start to aggregate , the e=
mission spectrum becomes broader and broader and it can be
decomposed in bands of assumed gaussian shape .

We report the results of a set of measurements - emission

and time decay spectra -~ that have been performed on NaCl:Fu’*
samples annealed at temperatures up to about 100 °C . The
purpose of this work is the investigation of aggregation pro=
cesses by means of optical measurements .

One example of the decay signals measured at different wave=

lengths along the emission spectrum is shown in fig. 1 .
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THE ROLES OF DEFECTS IN STRUCTURAL PHASE TRANSITIONS
OF COMPLEX OXIDE CRYSTALS

Feng Duan
Institute of Solid State Physics, Nanjing University
Nanjing, Peoplds Republic of China

To elucidate the roles played by defects in structural phase
transitions is still an important problem in solid state phys-
ics. Our approsch is the direct observation of defects and
phase transitions using transmission electron microscopy(TEM)
as a main tool, Here we present some case studies from work
done by our research group in Solid State Physics in Nanjing
University.

1. Extended antiphase boundaries(APBs) in KNbWzogtlj In-situ
T'EM observations showed that P - o\ phase transition in Kwazoy
at 570’0 takes place by thickenning and spreading out of APBs
already present in the parent phase. Analogous result is ob-
tained in the reverse transition a-p. In this case, the exten-
ded APBs in the parent phase play the roles of prefabricated
nuclei for the new phase.

2. “Ordered”domains in perovskitespal In-situ TEM observations
showed that within the temperature range of several degrees
centigrade below the Curle points of KNbO3 and BaTiOB, the spe-
cimen are filled with quasi-regular microdomains, which are

not normal ferroelectric domains, but “ordered domains. in

each “ordered”domains, the distribution of Nb or Ti ions along
different {1112 directions in tetragonal phase are ordered. So
the dispute between the displacive type and order-disorder one
of ferroelectric phase transitions in perovskites may be resol-
ved by a mixed model involving ordered domains.

3. The effect of dislocations on upp transitions in quartzUU
Work reported by van Tendeloo et afdsho'ed that a-p transition
in quartz takes place by gradually refining the scale of the
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array of microdomains consisted of aiternating dauphine twins,
our in-situ TEM observations showed that the transition tem-
perature is raised on one side and lowered on the other side
of a dislocation, This phenomenon may be explained by the pre-
ssure effect of soft mode phase transitions, so it is expected
that the dilation part and contraction part of the strain
field of a dislocation should produce opposite effect.

4. Discommensurations in incommensurate-commensurate phase
transitions 0] In commensurate-incommensurate phase transition
the discommensurations play the decisive role. Our in-situ obs-
ervations showed that this phase transition in BaZNaNbSOIStakes
place by the nucleation and multiplication of discommensura-
tions, 'he situation is quite analogous to dislocation-mediated
melting of solids envisaged by some theorists, however, discom-
mensuration-mediated phase transition stands on firm experimen-
tal foundation,
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THERMAL AND DYKAMICAL PROPERTIES OF MIXED LEAD HALIDES
Pbclszl'z ( 1 __x)

M. Lumbreras and C. Carabatos-Nédelec

C.L.0.E.S. - Université de Metz - Supelec Technopdle de
Metz -
2, rue Edouard Belin, 57078 Metz Cedex 3, France

Lead chloride and 1lead bromide show complete mutual

solid solubility. The solid solutions PbClszr2(1_x) have
been grown wusing the Bridgman technique ; all single
crystals exhibit the PbCl,- type orthorhombic symmetry. Two

non-equivalent anion sites characterize this structure.

X-rays scattering experiments reveal preferential site

occupancy for Cl and Br, while the anion array of PbClBr is
completely ordered . The variations of the shortest
interatomic distances vs. composition are in complete
accordance with this observation, The ionic conductivity of
mixed lead halides is assumed to be due to the movement of

the anions .

Raman spectra of PbCl, were published by several authors:

a rapid decrease of the 1intensity of all Raman peaks with
increasing temperature has been observed. An increasing
disorder in one anion sublattice, until melting of this
sublattice has been claimed as an explanation .

Nevertherless, all specific heat of ten different com-

positions show the same narrow peak, proving that there 1is

no such partial melting of one anion sublattice.
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For the equimolecular composition, we can note a change
of behaviour of the variation of the melting enthalpy,
mainly due to the disappearance of the shortest interatomiec
bond concerning Cl occupied sites (1), while the maximum of
the melting entropy seems due to the more complete order of

this composition.

A group theory study shows that all Raman peaks are due,
in principle, to the movement of the three sorts of ionsa
(lead, anion site (1), anion site (2)). The Raman spectra
of mixed 1lead halides s8show a complex ‘"one-mode" and
"two-mode™ type. The variation vs. composition of the
wavelength of most Raman peaks reveal the same behaviour as
the shortest interatomic distances measured by X- Rays
scattering. A comparison between X- Rays and Raman results
allows to 1identify <the ions mainly responsible of each
lattice vibration. The variation of the Raman linewidths
vs., temperature reveals that the maximum of disorder occurs
for x = 0,25 and x = 0,75,i.e. when one of the anion
sublattices is occupied half by each sort of ions (Br,Cl).
This increasing disorder involves local deformations and
relaxations, affecting the atomic binding and the
electronic clouds, inducing perturbations of the dielectric
properties of these compounds .

The equimolecular composition PbClBr Raman spectrum
exhibits the narrowest peaks, indicating that this

composition 1s the more completely ordered.

In conclusion, our results prove that the substitution of
mobile 1ons by other chemically different lons but on the
same equivalent s8ite 1induces lattice disorder and can
explain the variation of conductivity along with the
composition.
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INVESTIGATION OF THERMALLY INDUCED Li* TON DISORDER IN Li,0
USING NEUTRON DIFFRACTION

T.W.D.Parley®, W.Hayes®, S.Hull®, M.T.HutchingsP, M.vrtis®

a. Clarendon Laboratory, Parks Road, Oxford 0X1 3PU, U.K.

b. Materials Physics & Metallurgy Division, A.E.R.E. Harwell Laboratory,
Didcot, Oxon. 0X11 ORA, U.K.

c. Institut Laue-Langevin, 156X Grenoble Cedex, 38042 France.

In this paper we report the results of & neutron diffraction
investigation aimed at understanding the defect properties of lithium
oxide, Li,0, at temperatures up to close to its melting temperature,
Tm=1705K. Lis0 possesses the antifluorite crystal structure which can be
viewed as a_ simple cubic array of Li* ions with alternate cube centres
occupied by 02- ionms. L1,0 is expected to exhibit fast-ion conduction at
elevated temperatures by analogy with the ionic fluorites such as CaF, and
§rCl, in which dynamic Prenkel disorder has been shown to occur{l],
Indeed, high Li* ion self-diffusion coefficients at T>1250K have been
observed using a tracer diffusion techniquelz]. Li,0 is of technological
importance as a possible tritium breeding blanket material for future
nuclear fusion reactors on account of the high values of its lithium
density, thermal conductivity and melting point.

The measurements were made using single crystal samples of isotopic
7L120 grown from the melt by Dr.P.Ward at the Clarendon Laboratory which
were encapsulated under vacuum in sealed platinum tubes.

Extensive neutron diffraction measurements have been made at
temperatures between 293K and 1605k using the single crystal
diffractometer, D15, at I.L.L., Grenoble. These measurements, after
correction for thermal diffuse scattering and extinction, have been used
to determine the time-averaged defect structure of Lij 0 as a function of
temperature. The Li sublattice becomes significantly disordered at
temperatures above 1000K and at 160SK about 13I of the Li' ions leave
their regular lattice sites to form dynamic Frenkel interstitials (see fig
1). The mean position of these interstitial ions in the regular lattice is
shown not to be in the empty cube centres that exist in the £fluorite
structure, but close to the cube edges (see fig 2). There is also some
evidence for slight relaxation of the nearest neighbour Li* ions in <111>
directions away from the interstitial and towards the empty cube centres.
This disorder is annlo?ous to that observed in the fluorite compounds in
their fast-ion phase 1] and is consistent with the geometry of Lit ion
diffusion determined by incoherent quasi-elastic neutron scattering
measurements at 1623K[3],
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Figure 2. Defect cluster model comprising of a Lit Frenkel interstitial
and associated relaxed nearest neighbour Li*T ions which best fits the
neutron diffraction data at 1605K.
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XES CHARACTEFRIZATITON AND DEFECT STRUCTUSE Q

TmBa.Cu. 0 SINELE CRYSTALE

Gabriel JASIOLEK and Anna PAJACZKOWSKA
Institute of Physics, Polish Academy of Sciences
02-668 Warsaw, Al.Lotnikow JI2/46, Poland

The present paper aims to present the results of the X-ray
emission spectroscopy (XES) of the TmBajsCuz0, (TBCD) super-—
conducting single crystals. It focuses on determination of
the mean valence of copper in relation to the density of twin
boundaries and the second phase precipitates as well as on

the role of barium in the crystals studied.

Single crystals of TBCD were grown from the nonstoichiome-
tric melt of composition with molar ration Tm:Ba:Cu = 1:4:10.
Crystals grew from melt heated up to 10S0°C and then slowly
cooled to room temperature in air (1], Their transition tem-—
perature was close to 81 K.

The crystals have been exposed on electron beam in the
“vA-S0A electron probe microanalyser (EFMA). An accelerating
voltage of 25 kV and a beam current of 0.2 MA have been used.
The defocusing of electron beam allow to 1limit the influence
of incident electrons on the sample composition. Measurements
have been made on the Ky line of Cu and Lay lines of Ba and
Tm for the quantitative analysis of the chemical composition.
Investigations for the XES characterization have been per-
farmed on the CuLd line of Cu and Lx4 line of Ba [2). Single
crystal spectrometers of the Johann type with a RAP and a LiF
analysing crystal have been used, respectively. Energetic re-
solution for the analysis of copper spectrum was equal to
0.06 eV and 0.4 eV for barium one.

The morphology of the crystals revealed the characteristic
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features similar as reported in ref.[{Z]. Growth ledges on the
(001) face were observed. However, they appeared only close
to the large precipitates consisting mainly with BaCuO; com-—
pound. Twin boundaries occured in the ledge areas.

EPMA analysis showed that the ration between cations form-
ing the crystals corresponds to the following 0.94:2.03:2.97.
This analysis revealed also presence of 1 at.% of A (0.06
in the scale used above). The precipitates contained 0.2 wt.%
of Tm but their were free of aluminum.

The mean valence of Cu in the ledge areas of the crystals
was estimated to be +2.04 and +2.02 in the regions free of
the ledges.

The XES pattern of the crystals suggests that barium va-
lence orbitals interact stronger with oxygen orbitals in the
matrix of the TBLD crystals than in the BaCuOg precipitates
and in the reference samples such as BaFa.

Mean valence of copper ions estimated for TBCO is lower
than in other superconducting crystal basing on yttrium and
gadolinium (2]. It can be caused by the large precipitates
and the small amount of twins in TBCO. Twins seem to be one
of the main cause of the increasing of superconducting pro-
perties basing on the Cu (3+4) contribution [I].

One can expect aluminum ions entering the copper as well as
thulium positions in the crystallographic lattice leading to
lowered transition temperatures. In our opinion in TBCO crys-

tal the first type of the interaction have a dominent role.

£11 H. Niculescu, A. Pajaczkowska, A. Wisniewski and M. Baran
preprint, Int. Discussion Meeting on HTSC, Mautendorf,
07.02.1988.

[2) 6. Jasiolek, H. Niculescu and A, Pajaczkowska, preprint,
Int. Conf. HTYSC-M2S, Interlaken, 28.02.1988.

3] D.L. Kaisger, F. Holtzberg, M.F. Chisholm
and T.K. Worthington, J. Cryst. Growth 835 (1987) S593.
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OPTICAL AND THERMODYNAMIC PROPERTIES OF FERROELEC-
TRICS WITH HYDROGEN BONDS IN THE PRESENCE OF DEFECTS

I.V. Stasyuk, R.Y. Stetsiv, A.L. Ivankiv

Lvov Division of Inst.for Theoret.Phys.Ukr.Ac.Sci.,

Dragomanov str.,14/16, 290 005 Lvov, U.S.S.R.

The influence of defects caused by radiation on the op-
tical and thermodynamic properties of ferroelectrics with hy-
drogen bonds is investigated.

1. The quasionedimensional CsH2P04 - type crystals with
the defects of deatroyed hydrogen bonds type are considered.
It is shown, that these damages lead, in particular, to the
appearance of the internal field acting at the damaged site,
which stimulate the redistribution of protons within a chain.
The Hamiltonian of the crystal consisting of one-dimensional
chains of ionic groups bounded by the hydrogen bonds includes
the short-range interaction between protons in the chain. The
partition sum for the chain segment cut out from the endless
chain by using the transfer matrix method is calculated. The
analytical expressions for the free energy and the static su-~
sceptibility of the both averaged over defect distribution
for the chain containing N hydrogen bonds with m defects are
obtained, N- 14 (tndL)N-

1 3
}N(m)-g(mn)exp(%‘l)Bcg)';;ch‘-‘l(N—;j)1_(th .o exp(%’l)]‘

Here 'g is the reverse temperature and J is the parameter of

T. short-range interaction of pro-
0’15t__—-___--“‘\\\\\\ tons in the chain. The equation
defining the second order phase

::::::::::\\\ PbDP°4 transition temperature with ac-
“\\\\ PbHPO4 count of the long-range intera-

0,1 L CsD,P0, ction between the chains in the
’ CsH,PO, mean field approximation is gi-
0,01 ven. The phase diagrams "criti-
103 ' 10-'2 ) cal temperature ('Uc = 1,/3) -
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concentration of defects (9 = m/N)" for CsH2P04, CsD2P04,
PbHPO4 and PbDPO4 crystals are given in the region of small 9V
and the temperatures near Tc at 9 =0. The increase of
leads to the weakening of ferroelectric properties of crys-
tals, in parvicular, for CsHaP04 one the fall of Tc by 1 K is
caused by 3 =3,78-10'4.

2. The theory of natural optical activity is developed
for the KDP type crystals with nonequilibrium distribution
of H PO, configurations and HyP0;” defecta which are the Sla-
ter's configurations with one additional electron. Proceeding
from the microscopic expression for the dieleciric permeabi-
lity tensor in terms of two-time retarded Green functions
(constructed of the operators of dipole, quadrupole and mag-
netic dipole momenta) the gyration tensor is calculated; the
ionic and crystalline components of the tensor are separated.
The molecular orbital calculation within the extended Huckel
method of the electron emergy spectrum, the wave functions,
the matrix elements of electric and magnetic dipole electron
momenta of the HnPO4 (n=0,...,4) groups is performed. ge have
calculated the contributiona of H’nPO4 groups and H2P04' deé
fects into the effect of gyration. The presence of the HZP04-
defects leads to the increase of 8xx component of the gyra-
tion tensor both at the short wave part of transparency re-
glon and near the infrared absorption edge of a crystal. It
is shown that this component is anomal large both near A =
269 nm that agrees with experimentally observed new absorp-
tion peaks and near A =2021 nm, providing interest for
experimental investigations of &xx component at these frequ~
encies.
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X-Ray Storage Phosphors: Physical Mechanisms and Applications

Heinz von Seggern, Siemens AG, Central Research and Develop-
ment, 8520 Erlangen, West Germany

Defect centers in ionic crystals play a major role in determi-
ning the properties of scintillator materials in various high
energy and medical applications. In these applications the
spontaneous luminescence in the visible or near-visible as a
result of X- or ¥y - irradiation is detected as a measure for
the impinging radiation dose. In some materials the information
on the received radiation dose is stored and can be recovered
by thermal [1] or optical excitation {[2]. The best known appli-
cation is the thermoluminescence dosimitry used in long term

radiation monitoring.

Recently, @ new medical application has been suggested utili-
zing the energy storage in the alkali-earth halide BaFBr:Eu [3)
to produce a new kind of 1imaging plate for X-ray diagnostics
replacing the conventional film/screen system. The stored in-
formation in the BaFBr:Eu plate can be recovered by optical ex-
~itation which 1is accompanied by a dose-proportional emission
(PSL: photostimulated luminescence) [4,5). A schematic setup of

such an X-ray diagnostic system is shown in Fig.1l.

X-Ray source Rotating mirror

/AN

Laser beam

DAS
Fig.l1 Schematics of " Processing
medical X-ray diagno- EO?W
stic system consisting ard copy
of phosphor irra- X-Raystorage X-Ray storage
diation (left) and op- phosphoreg. phosphor

tical readout (right). BaFBr:Eu
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In this talk I will describe the concept of the new X-ray diag-
nostic system. The principle of this imaging technique is
discussed. The advantages, like,

- X-ray dose linearity,

- lower dose consumption,

- easy digitizing,

- reusability, etc.,
and disadvantages are compared to the establisched film-screen
systems. Furthermore, the physics of the photostimulable X-ray
storage phosphors BaFBr:Eu and RbBr:T1l are addressed which are
presently the only materials of commercial interest [3,5,6].
The nature of the excitation, storage, and recovery mechanisms
will be discussed supported by experimental results obtained
partially in our laboratories. The main features of the storage
and the recovery can be traced back to the properties of the
color centers participating in the process. Based on these re-
sults, criteria for new and improved X-ray storage phosphors
will be outlined from the physical, imaging and the commercial
standpoint.
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10N IMPLANTATION IN ELECTRO-OPTIC MATERIALS
P D TOWNSEND
MAPS, UNIVERSITY OF SUSSEX, BRIGHTON, BNT 9QH, UK

Many electro-optic devices are designed to process ootical signals
carried by optical waveguides in surface layers. Such guides have
dimensions of the wavelength used and sc are of micron size cross
section. This depth scale can therefore be readily influenced by
ion implantation. The mechanism by which implantation changes the
electro-optic properties depends on the host material as well as

the ion species. For semiconducting material impurity doping alters
the optical properties via free carrier effects and/or optical ab-
sorption. In the case of wider energy gap insulators the imourity
effects may be less important and the major changes are a consequence
of point defects or amorphisation. In addition to optical changes
many other properties such as chemical stability are significantly
modified.

In order to retain the electro-optic properties it is essential to
retain the crystallinity of the host. This can be achieved by using
the implantation to define the boundaries of the waveguides. A

clear example of this is shown by the ion beam bombardment of quartz
with helium ions. Energy is transferred to the lattice by a mixture
of jonisation and nuclear collision processes. The quartz lattice

js stable against ionisation but in the region of nuclear collision
damage it is amorphised into silica. This transformation reduces the
refractive index from 1.54 to 1.48 and so provides a region of low
index which acts as the boundary to the waveguide. Alternatively one
may use the change in chemical stability to etch ridge or strip wave-
guide features on the surface of the crystal. The process is effective
as there is an enhancement of chemical etch rate in HF by a factor of
200 in the damaged material.
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A side effect of ion implantation is the production of optical
absorption from colour centres, however the stability of these
electronic features is generally much less than the structural
modifications and so the absorption can be removed by annealing.
Quartz is an extreme example as annealing to 1200°C does not
cause reconversion of the silica to crystalline quartz. The
process outlined for quartz is very simple and the general ap-
proach is effective in a wide range of materials.

Obvious advantages of ion implantation are that it can be per-

formed at low temperature and so utilise crystals with several

phases or a low temperature Curie point. Control of ion energy

and dose allows one to form structures with well specified refrac-
tive index profiles or to extend the method to multilayer waveguides.

One may combine the ion implantation effects with materials formed
by diffusion or layer deposition.

Effects which have so far received less attention are control of the
birefringence and temperature dependence of the index. Such features
are of interest for waveguide laser structures and for second harmonic
generation. These possibilities will be mentioned.
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SURFACE DEFECTS EXPLOITED FOR GAS SENSING
Wolfgang Gopel
Institute of Physical and Theoretical Chemistry

University of Tibingen, Auf der Morgenstelle 8
D~7400 Tibingen 1, FRG

Single crystals, thin~film and thick-film structures of
inorganic and organic materials with electron-, defect-
electron and ion- conducting properties may be op-
timized for their use as chemical sensors to detect
selectively molecules in the gas phase /1/.

Examples will be discussed of prototype materials for
systematic research, i.e., doped and undoped tin oxide,
titanium dioxide, different oxides of perowskite struc-
ture, zirconia and phthalocyanines.

Thermodynamically and kinetically controlled conditions
are discussed first for reproducable sensor/gas
interactions by characterizing the sensor performances
with respect to sensitivity, cross contamination,
selectively, response time and longterm stability.
Structures have to be optimized of prototype AC- and
DC- conductivity as well as potentiometric sensors.
Comparative spectroscopic studies must utilize
ultrahighvacuum (UHV) transfer vessels. This makes
possible to characterize sensors before and after their
use under practical application conditions with respect

to their elemental composition (by using X-ray
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rhotoemission, secondary-ion-mass, and ion
backscattering spectroscopy), with respect to their
electronic structure (by using UV-photoemission spec-
troscopy), with respect to their dynamical structure
(by applying high resolution electron energy loss and
Fourier transform infrared spectroscopy), with respect
to their work function changes (by using the Kelvin
vibrating method), with respect to their microscopic
geometric structure (by applying scanning electron
microscopy and scanning Auger spectroscopy) and with
respect to their geometric structure on the atomic
scale (by wusing low energy electron diffraction
techniques for single crystal structures) /2/.

The results make possible an atomistic interpretation
of the sensing mechanisms of optimized sensor
structures. In this context, the importance will be
demonstrated of thermodynamically controlled
preparation steps.

It will be shown, that most sensors may in principle be
operated as high temperature (bulk-defect) sensors,
medium temperature (surface defect) sensors, or Ilow
temperature (chemisorption or physisorption) sensors.
Careful control of intrinsic and/or extrinsic surface
defects will be demonstrated to play the key role in
controlling the sensing mechanisms based upon changes

in the conductivity and/or electrical potentials at the
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interfaces. Surface defect equilibria in particular may

be controlled from the gas phase and/or from the bulk.

/1/ W. Gopel, "Chemisorption and Charge Transfer at
Ionic Semiconductor Surfaces: Implications in Designing
Gas Sensors", Prog. in Surf.Sci. 20,1(1985)9.

/2/ W. Gépel, "Solid State Chemical Sensors: Atomistic
Models and Research Trends", Conf.Proc. of Eurosensors
I, Cambridge (1987) and "Sensors and Act." in press.
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5- L4

THE ROLE OF JONIC DEFECTS IN E IATION PHYSICS OF THE
SILVER HALIDES, AND THEIR EXPLOITATION IN PHOTOGRAPHY.

R._S._Sachus and Myra T. Olm
Corporate Research Laboratory
Eastman Kodak Company, Rochester, New York 14650

One hundred and fifty years after their initial use in
imaging, the silver halides have yet to yield to the
onslaught of electronic recording systems, nor have they
been displaced by 1less expensive compounds as light
recording media. For many imaging applications, the silver
halides remain unmatched in resolution and sensitivity.
This unusual technological tenacity is the result of a
unique combination of fundamental solid state properties.
This paper reviews the relationship between ionic defect
properties and photographic response, with particular
emphasis on the role of aliovalent dopants in practical
systems.

The primary photographic process is a complex mechanism
involving the alternate trapping of electrons and
interstitial silver ions at "sensitivity centers" to form a
developable "latent image". It owes its efficiency in part
to the cationic Frenkel defect structures of silver bromide
and silver chloride and to the high mobility of the
interstitial silver ion in these materials. Studies of
Frenkel disorder have related the ionic properties of silver
halide microcrystals to their size, morphology, halide
composition, and aliovalent impurity content. In practical
systems these characteristics can be manipulated to control
"speed", resolution, image stability, and the development
process.

Silver bromide and silver chloride are indirect band gap
solids having high dielectric constants. These properties
also contribute to the high quantum efficiency of the
photographic process, since they result in a propensity for
shallow electron trapping. Representative studies of
intrinsic and extrinsic shallow trapping centres will be
reviewed in this talk. The nature and concentration of the
intrinsic centres depend on the morphology and halide
composition of the grains. The extrinsic traps are generally
divalent cationic impurities with closed shell electronic
configurations. These centres affect image dispersity and,
thereby, photographic speed. While optical, magnetic
resonance and photoconductivity studies have been useful in
their detection and for probing their role in photography,
detailed structural knowledge about shallow traps remains
e.usive. This is in part the result of the small central
cell correction to the effective mass description of these
trapping sites.
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Aliovalent cations with incomplete valence shells are also
used in practical emulsions where they are generally added
at part per million or part per billion levels. They can
indirectly modify latent image formation by changing the
Frenkel equilibrium, or they can directly affect the process
by serving as recombination centres or as deep traps for
photocarriers. The  vast majority of transition metal
cations used in practical systems act as electron traps.
These addenda are used for a wide variety of purposes
including the control of image dispersity and contrast, to
enhance speed, to reduce reciprocity effects, and to achieve
image reversal. The effects of doping are a function of the
impurity's cross-section and trap depth, as well as the
lifetime of the resultant trapped carrier state and the
exact sequence of chemical reactions that follow trapping.
These in turn are governed by the location of the dopant in
the photographic grain, its dispersity, and the degree and
nature of charge compensation by Frenkel defects. In many
respects the impurity can be viewed as a molecular complex
whose trapping behaviour is not only governed by the
electronic structure of the metal ion, but also by the
composition of the ligand shell. Trapping behaviour is also
affected by lattice composition. In mixed silver halide
grains, the dopant may segregate to sites of preferred
lattice composition in the random binary or ternary mixture.
Representative optical and magnetic resonance studies with
parallel studies of photographic effects will be presented.

The difficulties encountered in extrapolating results from
some studies of model single crystals to emulsion
microcrystals grown in an aqueous gelatin environment will
be described. These comments are particularly pertinent to
transition metal ions with low valence states which often
function as deep hole traps in 51ngle crystals of AgBr and
AgCl. As yet, all attempts to mimic this behaviour in
practical grains have failed. Similar problems have been
experienced with aliovalent anion doping, where evidence for
hole trapping in single crystals has not been duplicated in
emulsion grains.
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HIGH TEMPERATURE ELECTRON IRRADIATION OF FUSION MATERIALS

E.R. Hodgson

EURATOM/CIEMAT Fusion Association
Avda. Complutense, 22.- 28040 Madrid, Spain

It 1is becoming increasingly clear that the problem of choosing
suitable electrically insulating materials for future fusion reactors is
far more serious than initially anticipated. Undoubtedly in the long
term, the general materials problem will prove to be the most difficult
aspect of the whole project. Although data for metals, in particular
stainless steels, under extreme radiation conditions have been available
for many years, data for insulating materials were until very recently
almost non-existent. However the urgent necessity for such information
is beginning to produce results.

The chosen materials, most probably refractory oxides or ceramics,
will have to maintain their high electrical resistivity, thermal
conductivity, mechanical strength, and dielectric properties during
prolonged irradiation. As at present no perfect radiation source 1is
avialable, the conditions are being simulated using nuclear fission
reactors and particle accelerators. Ideally, measurements should be made
where possible during irradiation, and such experiments are now being
performed on both electron and proton accelerators which produce
localized high radiation conditions. Although these experiments can only
simulate some of the actual operating conditions, they are producing
useful data which help to highlight problem areas.

One of the immediate problems which has been addressed, is that of

radiation enhanced electrical conductivity, for which a rather complex
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dependence on both dose rate and temperature has emerged, however
agreement between experiment and theory is encouraging. Initial results
suggested that this increase in electrical conductivity would not lead to
a serious Joule heating problem, and further results pointing to a
saturation effect at high dose rates were viewed with satisfaction. But
more recent results have revealed a hitherto unsuspected
problem-radiation enhanced electrical breakdown. This effect 1is most
probably related to the radiation enhanced impurity diffusion, which in
these materials has been observed to occur at vrelatively low
temperatures. The problem of the ever present impurities and those which
will be produced by nuclear reactions within the materials has so far
received little attention, however the important role that impurities are
known to play in material properties means that this problem needs
careful consideration.

The effects of purely ionising radiation and displacement damage are
at present being studied by comparing results obtained from electron and
proton irradiations. These two aspects of the radiation field will vary
at different positions around the fusion reactor and it is necessary to
understand their relative importance.

The size and importance of the materials problem for the fusion
reactor project will require that an ever increasing effort be made.
Clearly at the present time only a few of the necessary questions have
been addressed. Thermal conductivity, mechanical strength, and to a
lesser extent dielectric loss, have hardly been looked at under anything

approaching a fusion reactor environment.

322




SESSION 6




DEFECTS AND STRUCTURAL CHANGES IN PEROVSKITE SYSTEMS:
FROM INSULATORS TO SUPERCONDUCTORS

D. M. Smyth
Materials Research Center, Bldg. 32
Lehigh University
Bethlehem, PA 18015, U. S, A.

For materials having the composition ABO3, when A 1s substantially
larger than B, the perovskite structure 1s invariably favored. The
tenacity of this structure is demonstrated by the persistence with which
the basic pattern is maintained even when the composition . deviates
significantly from the ideal formula. For compositional deviations at
the percent level that can be achieved by reduction or by the substitution
of aliovalent cations, the accommodation s usually by the formation of
point defects or electronic defects in random solid solution, and the
systems can be successfully treated by classical defect chemistry and
dilute solution thermodynamics. For larger deviations, a superlattice is
frequently developed that corresponds to an ordering of the defects in a
way that retains blocks or layers having the basic perovskite symmetry.
In this review, we will describe the way in which the perovskite
structure adjusts in response to various compositional variations, and
will introduce the concept of "perovskite space', a diagramatic way of
~howing the interrelationshkips of the different patterns.

Reduction of a typical perovskite such as SrTi0,, or the substitu-
tion of acceptor impurities, e.g. Al+3 for Ti+4, leéds to the formation
of randomly distributed oxygen vacancies up to the percent level. For

very large substitutions in some systems, notably CaTiO the vacancies

3)
effectively order into layers that separate two-dimensional slabs of the
perovskite structure, This leads to a homologous series of ordered

compositions that can be described as Ca Fe Ti O .
n 2 "n-2 3n-l

layers are n~l unit cells thick, and the B ions in the intervening layr:is

The perovskite

that contain strings of aligned vacancies are reduced to four coordination.

The series terminates with CaZFeZOS'

the brownmillerite structure.

n = 2, in what is commonly called

5

The substitution of donor impurities, e.g. Nb+ for Ti+4, leads to
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the formation of cation vacancies in random solid solution. At large
concentrations, however, the system may separate into two dimensional
perovskite layers separated by oxygen-rich layers. Once again, a
homologous series of structures may develop, such as SranhTin~Ao3n+2'
with perovskite layers n unit cells thick. This reries terminates at
SerbZO7 with n = 4, and two-dimensional perovskite layers four unit
cells thick.

Thirty years ago, Ruddlesden and Popper described a perovskite-
related structural series based on the general formula SrO-nSrTiO3 or
Srn+lTin03n+l° These structures consist, once again, of two-dimensional
layers of the perovskite structure, n unit cells thick, separated by an
extra layer of Sr0O in the NaCl structure. One end of this series, n =1,
corresponds to Sr
KZNiFA

thick. The other end of the series is, of course, ordinary perovskite.

2T104, the orthotitanate in what is commonly called the

structure, and contains perovskite layers that are one unit cell

Given this demonstrated tendency for materials to retain layers of
various thicknesses that have the perovskite structure, it is not too
surprising to find that the very complex compositions that have been
found to be high temperature superconductors can be described in similar
terms. It is suggested that they can be characterized by a generalized

Ruddlesden-Popper formula of the type mAO~nABO that allows for a

variable number of NaCl-like 1layers separatin; layers of various
thicknesses having perovskite-like structures. Thus when described in
terms of the m:n ratio, Bi25r2cacu208 (TC = 85 K) corresponds to 3:2, and
has triple NaCl-like layers separating double perovskite-like layers, and
BizerCa2Cu3010 (Tc = 110 K) corresponds to 3:3. All of the high Tc
superconductors discovered to date can be described in this way, and this
suggests a structural pattern that may serve as a basis for designing new

compositions.

In summary, the perovskite structural pattern shows a remarkable
ability to survive gross deviations from the ideal composition. It thus
appears Iin many unexpected places. After all, more than half of the

volume of our planet Earth has the perovskite structure!
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IMPURITIES AND DEFECTS IN FLUORIDE GLASSES

Marcel POULAIN
Centre d Etude des Matériaux Avancés
UNIVERSITE de S

Heavy metal fluoride glasses are now extensively
studied for a set of aﬁplzcatlons in telecommunications and
infrared technologies. Most of their development problems are

related to various physical and chemical defects. Some of
them are under contol while others remain under
investigation. In ractice, the correct identification of

these efects 1is the more difficult step as exemplified by
various examples.

A fairst group of physical defects includes
heterogeneities and bubbles inside bulk glass. Their origin
will e discussed as a function of starting materials and
processing. Residual free volume and thermally 1induced
stresses are often observed as glass melt must usualy be
quenched.

Devitrification, either homogenous or heterogenous
ma{ appear as the major problem in fluoride glass technology.
Heterogenous nucleation is controlled by extrinsic
contamination while homogenous nucleation depends on lass
composition. At the present stage of sample size and opltical
quality, devitrification problems have been largely solved.

Chemical impurities make the most serious source of

optical defects. At the first place, transition metals - e
Cr, Fe, Co, Ni, Cu - and rare earth cations take a major par
in absorption losses. Therefore high purity reagents are

required for low loss ostical components. On the other hand,
anionic impurities do not only increase absorption losses but
they may also induce scattering losses as they are not homog-
eneously distributed in bulk glass. Hydroxyle radicals are
not stable in fluoride glass melts and consequently are
easily removed. Anionic oxygen 1is more difficult to control
and is likely to induce various defects, especialy when oxyde
reduction processes occur. When Zirconium IV is reduced, it
results in significant scattering losses. The influence of
gamma ray irradiation will be shortly described in relation
with corresponding chemical defects.

Finaly, consequences of physical and chemical
defects on fluoride glass fibres appear to be critical both
for optical and mechanical properties. Current state of art
and technological trends will be revewed. In this respect,
new synthesis grocessas must be i1nvestigated and the limits
of conventionnal technology has to be evaluated.
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QPTICAL PROPERTIES OF COLOR CENTERS IN GADOLINIUM GALLIUM GARNET
CRYSTALS™
L. S. Cain

Physics Department, Davidson College
Davidson, NC 28036 USA
G. J. Pogatshnik and Y. Chen
Solid State Division, Oak Ridge National Laboratory
Oak Ridge, TN 37831 USA

The addition of small amounts of calcium during the crystal
growth of large diameter, gadolinium gallium garnet crystals
produces color centers which absorb in the near uv region of the
spectrum.l Optical excitation of these color centers produces
luminescence from several defects in the c¢rystals. Two
relatively broad emission bands are observed in the visible
region at 420 and 550 nm, along with other luminescence bands in
the infrared. We attribute the broad emission band at 420 nm
to the presence of trace amounts of Eul* ions. Reduction of the
samples at high temperatures enhanced the intensity of the 420
nm emission band at the expense of the narrow emission bands
near 620 nm identified as Eu3?' emission. Oxidation of the
samples produced a large decrease in the intensity of the 420 nm
emission. The 550 nm band is unidentified, but is likely due to
several types of defect centers in the crystal. The peak
position of the 550 nm emission band was found to shift to lower
energy as the excitation wavelength was scanned from lower to
higher energy through the color center absorption band. The
infrared emission bands are identified as Fe3* emission near 800
nm and Cr3* emission at 710 nm. The Fe3* luminescence is
primarily excited through the Fe3* charge transfer bands near
260 nm. The Cr3t emission is produced by Gd to Cr energy
transfer. The excitation spectrum of the chromium emission line
at 695 nm exhibited resonances at all of the transition energies
of the constituent Gd3t ions.

Ultraviolet and gamma irradiation of the crystals produced

changes in the intensities of the uv color center bands along
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with a broad absorption throughout the visible. Optical
bleaching at 350 nm produced a brown coloration in the visible,
and a slight decrease in the 350 nm absorption band. The
results indicate that the color center which produces the 35C
nm absorption band serves as a photoionizable donor center.
Electrons released by the optical excitation are trapped at
other sites in the crystal, possibly as Gd2* jons, to produce
the visible coloration. Gamma irradiation produced similar
effects. We have also examined the effects of oxidation and
reduction treatments on the radiation response of the material.
Oxidation at temperatures above 700°C produced an enhancement of
the 350 nm absorption band. Gamma irradiation following
oxidation resulted in a much stronger coloration than that
observed in untreated GGG crystals. Reduction of the samples
for temperatures above 600°C decreased the 350 nm absorption
band and led to an improved radiation response of the material.
Reduction treatments at temperatures above 11009C produced
changes in the structure of the material. X-ray diffraction
showed that the crystal turned amorphous following 30 minutes
reduction at 1200°C., Reduction at higher temperatures led to

the extraction of metal ions from the sample.

The coloration effects that result from the presence of the
uv color center absorption bands may be significant during
flashlamp pumping of laser rods which utilize large diameter GGG
crystals as the laser host. The changes in the optical
properties of the material under uv excitation indicate that the
addition of small amounts of calcium to assist in the growth of
large diameter crystals is likely to result in the degradation

of laser performance.

1.M. Pardavi-Horv'ath, I. Foldv'ari, I. Fellegv'ari,
L. Gosztonya, and J. Paitz, Phys. Stat. Sol. (a), 84, 547
(1984) .
* Supported by DARPA under interagency agreement 40-1611-85 with
Martin Marietta Energy Systems Inc., contract DE-AC05-840R21400
with US DOE.
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COMPUTER MODELING OF PRESSURE-DEPENDENT
CHROMIUM PHOTOLUMINESCENCE

R. H. Bartram, J. C. Charpie, A. M. Woods and R. S. Sinkovits
Department of Physics and Institute of Materials Science
University of Connecticut, Storrs, CT 06268, U.S.A.

Photoluminescence spectra and lifetimes of chromium-doped ordered
perovskites have been measured as functions of pressure and temperature
with laser excitation in a diamond-anvil cell as part of a coordinated
experimental and theoretical investigation of potential tunable
solid-state laser materials. Computer modeling of pressure and
temperature effects was initiated with the object of achieving a

quantitative understanding of thermal quenching mechanisms.

The materials investigated, KZNaGaFG:Cr3+, KzNaScFS:CrS* and

CsZNaYC16:Ct3*, provide examples of low-crystal-field chromium complexes
4

characterized by broad-band, spin-allowed AT — A fluorescence, of

2g 2g
interest in tunable laser applications. A pressure-induced enhancement
of the crystal field leads to a blue shift of the fluorescence band and,

in the fluoride compounds, culminates in a re-ordering of the excited

states (Dolan et al. 1986). The resolved vibronic structure of the
resulting spin-forbidden 2Eg — AAZg phosphorescence reveals a

pressure-induced enhancement of vibration frequencies, as well. Finally,
a large positive pressure-induced shift of thermal quenching temperature

is inferred from lifetime measurements (Bartram et al. 1987).

Ab-initio molecular cluster calculations (MELD) yield equilibrium
chromium-fluorine separations and frequencies of alg' eg and tZg
vibrations as a function of lattice parameter. Lattice-statics
calculations (HADES) provide hydrostatic pressure as a function of
lattice parameter. In combination, these calculations vyield a
pressure-dependent local compressibility of the chromium complex in
reasonable agreement with that inferred from the pressure-induced

blue-shift of fluorescence. The pressure dependence of the alg and e
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vibration frequencies in the gallium compound is predicted correctly.

The model also predicts the t frequency at ambient pressure, but not

2g
its observed pressure dependence. A model incorporating simultaneous

linear coupling to an a mode and quadratic coupling to a tZg mode,

lg
developed to explain thermal quenching at ambient pressure (Bartram et
al. 1986), provides a qualitative explanation of the positive pressure

dependence of the thermal quenching temperature.
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THEORETICAL IMPURITY LEVELS OF Ni AND V IONS IN THE BaTiO3
PEROVSKITE HOST

P. Moretti* and F.M. Michel-Calendini**
*Institut des Sciences de I'Ingénierie
et du Développement Téchnologique
**Physico-Chimie des Matériaux Luminescents UA 442
Université Cl. Bernard Lyon 1
43 Bd. du 11 Novembre 1918
69622 Villeurbanne France

Over the past few years, 3d cations trapped in oxides, particularly in
BaTiO3, have been extensively investigated. Various attractive potential
applications, in solar energy conversion or in coherent optic technology for
instance, are widely correlated to the optical properties of the associated
defects. In order to understand the latter, it seems then to be of the utmost
importance to know the energy-level diagrams of the referred elements.

The spin-unrestricted Xa method has been successfully used to obtain
molecular-orbital diagrams relevant to Fe(1), Co(2), Cr and Mnf3) embedded in
BaTiO3. This paper is devoted to Ni and V ions in the same host.

In order to determine the electronic structure of these cations, small size
clusters of MOg-12*0 type are studied, where M stands for the impurity with a
nominal ionicity n varying from 2 to 5, thus including a great number of
electronic configurations.

Through the transition state concept, we particularly address to the
determination of the ground state of some species, since the value of the
corresponding Dq/B parameter, the ratio between the crystal field strength and
the electronic interaction, could be situated close to cross over points in the so
called Tanabe-Sugano diagrams.
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The energy leveis of the ground term of the VB8+ and NiB* jons are
provided. For the sake of comparison and in order to discuss on the stability of
the species in BaTiOj, all the eigenvalues are referred to the same state (t;4),
identified as the top of the valence band edge of the crystal. These resuits are
compared with those recently obtained(#) by a tight-binding model describing
the same impurities in SrTi03.

Moreover some charge transfer- and crystal field- transitions are calculated
and discussed, comparatively 10 available experimental data.
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SELI"TRAPPED ELECTRON CENTERS IN ELECTRON-IRRADIATLED
ZINC TUNGSTATE SINGLE CRYSTALS™

A. WATTERICH'#, G.J. CDWARDS, O.R. GILLIAM, and R.H. BARTRAM

Decpartment of Physics and Institute of Materials Scicnce
University of Connecticut, Storrs, Ct. 06268, U.S.A.

A. PETER and R. VOSZKA

Rescarch Laboratory for Crystal Physics, [lungarian Academy of Scienccs
H-1112 Budapest, Budaérsi ut 45, Hungary

Single crystals of zinc tungstate have been of considerable interest recently because
of their potential application for x-, y- and particle-ray scintillation dctectors.! =3 The
-study of radiation-induced point defects can facilitate further improvement in crvstal
growth and detector performance. We are not aware of any previous radiation-damage
investigations in this matcrial. By contrast, extensive studics of that kind have been re-
ported in matcrials of other tungstates, c.g. CaWO,.

ZnWO, belongs to an isostructural scrics of divalent monoclinic tungstates? with

. .. PR .
small cations (Mg, Mn, F'c, Co and Ni) and has the space group Cyp, (P2:¢) with two
formula units per unit ccll. Single crystals of ZnWO, were grown in air using a
balance-controlled Czochralski technique with a platinum crucible.’

In the present investigation, single crystals of ZnWOQ, were subjected to 1.635-McV
clectron irradiations at 6 pA for two hours at room temperature. The resulting defects
were characterized by clectron spin resonance (ESR) spectroscopy.

The ESR spectrum of the ZnWO, crystal, measured at 90 K, reveals a single spin-1/2

. . . . . " . End . . S+
defect in two inequivalent sitcs, with an anisotropic g tensor similar to those of W
in other materials. The principal g valucs, based on preliminary evaluation, are as fol-
lows: 1.91, 1.80 and 1.69. Around the two main lines, two pairs of smaller lincs having
equal intensities arc observable. The satellite lines are paired svmmctrically around the
main lines, with intensity ratio 1:12. Thesc facts suggest that the satellite lines are due

. . . . . 183 . . .
to hyperfine interactions with two inequivalent — W nuclei having nuclear spins J = 1,2
and an isotopic abundance of 14.4%. The larger splitting, which varies between 7.5 and

13.5 mT, is charactcristic of W’ " in other materials. The smaller splitting (with a max-
imum value of = 1.5 mT) is due to supcrhyperfine (SHF) interaction with a neighboring

W** ion.

From the angular variations of the Zecman and SHF lines, the principal axes of the
sclf-trapped electron at a W ion and the relative orientation of the neighboring inter-
acting W ion are determincd, respectively. The SHF interaction is not duc to the nearest
tungsten sites, but those which are bound through two ZnO, octahcdra. The present
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center differs from several defects published in CaWQ,, onc attributed to a WO ion
adjacent to a Jefectd, and others attributed to different charge states of oxygen divacancy

. sy 2
centers located on adjucent WO, complexes.?

+ T . .
Permanent affiliation:  Research  Laborarary for Crystal Physics, Budapest,
[Tungary.
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PHOTOIONIZATION, TRAI'PED EXCITONS AND LUMINESCENCES OF Eu®™ AND

Yb2T RARE EARTH [ONS IN CRYS[ALS OF ALKALINE EARTH riUORIDES

. B. MOINE, B. (2UKRTOLS, . PEDRINI
Unite Asscclee au UNRS n° 342, lniversite Lvon |
69622 VILLEUEBANNE . FHANCE)

D.S. McCLURE
Department of Chemistry, Priaceton tuiversoty, rincetogp
NEW JEHRSEY 085541 -isa

We hav. found that the photoronization cicivyries of the
divalent rare earth ions in CaF,, SrF, and BaF, are »n the order
of a few eV {1-3]. The values of the photoionization energies
are estimated as the threshold energies o!f the photocurrent
obtained from photoconductivity measurements. These values have
been reviewed and compared to a simple electrostatic model which

works quite well.

We have observed several cases 1in which all the localized
excited states of the impurity ion lie in the conduction band of
the host crystal. Examples are Yb2*' in MF,(M«Ca, Sr, Ba® 4,5,
Cu* in CdCl, and CdBr, {6i and Eu®*' in BaF, {7,8;. In these
cases, the impurity 1ions can emit an "anomalous luminescence”
which was not correctly assigned i1n the past, and that we have

interpreted in terms of the impurity trapped exciton {5,8,.

In this paper, we present recent results oblained more
especially from Eu?' and Yb?* doped SrF, and BaF, single
crystals. Spectroscopic and photoconductivity data are reported
and analyzed in detail. Among these four systems, Ser:Eu2* is
the only one which has its lowest excited state below the bottom
of the conduction band. It gives a normal blue luminescence of
Eu?* while the other compounds have all their excited states
degenerated in the conduction band and show yvellow or red

emissions considered "anomalous’ since they are Stokes shilted
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by 2 eV trom their lowest excited states. In this case,
recombination of the electron with the 1on left behind, now a
trivalent impurity ion, do not lead to a localized excited state
bhut instead to an exciton-like state wilh an electron
delocalized over the |: next-neighbour metal-ion sites 1in the
coulomb tieid of the trivalent rare «»arth i1on. the luminescence
1s theretore interpreted as the decayv of this exciton into the
ground state of the divalent impurity. The collapse of the F~
cube  around the RE®' could displace the F~ ion by about 0.Y :
and would account for the large Stokes shift. In order to
explain the photo-conductive and luminescence behavior of the
systoems, a  model 1s proposed, constructed 1in terms of

contiguration coordinate diagrams.
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LANTHANUM MAGNESIUM ALUMINATE CRYSTALS*
Y. Chen,@ M. M. Abraham,2 M. R. Kokta,P G. J. Pogatshnik,a/C

L. S. Cain,a,d J. L. Park,a,C and C. Y. Chen.a:C
@ Solid State Division, Oak Ridge National Laboratory,
Oak Ridge, TN 37831 USA
b Union Carbide Corporation, Washougal, WA 98671 USA

c Dept. of Materials Science and Engineering,
North Carolina State University, Raleigh NC 27695 USA

d Department of Physics, Davidson College, Davidson, NC 28036
USA

Lanthanum magnesium aluminate (LaMgAl131019, or simply LMA)
has recently attracted attention as a viable laser host .1
Neodymium doped LMA has been shown to be a new laser material
accommodating an enhanced Nd concentration which is optically
superior to YAG:Nd. We report on (1) the effects »f
thermochemical reduction of LMA, and (2) the solarization of
LMA, which is the tendency for the crystals to color during
optical excitation or exposure to 1ionizing radiation.
Thermochemical reduction results in the creation of several
cntical absorption bands, at least one of which yields efficient
luminescence in the visible region. The solarization effects
are examined because they can hamper the ability of a material

to lase.

Thermochemical reduction was performed on undoped LMA
crystals at temperatures up to 1800 K. Several prominent
optical absorption bands were observed. The absorption

coefficient of these bands increased with the temperature c-

reduction; there¢ was no saturation, suggesting that vacancias

T
id

PR
o LT

were involved. These bands were highly anisctr-pic.
most prominent bands peaked at 320 and 270 nm, with a SWHM
~0.4 eV. They gave rise to efficient luminescence at 565 nm and

410 nm, respectively. The quantum efficiency of the former is

approximately unity.
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Optical and «lectron paramagnetic resonance (EPR)
techniques were used to study the effects of gamma irradiation
on undoped LMA crystals. A broad optical absory“-ion band at 400
nm, with a strong polarization anisotropy, was intensity
correlated with an EPR signal (X-band) attributed to trapped
hole centers.? When the samples were irradiated at 77 K, the
EPR spectrum showed additional lines at higher magnetic field.
These high field lines exhibited superhyperfine structure,
presumably due to the interaction of other centers with aluminum
neighbors. K~band EPR measurements at 4 K, following gamma
irradiation at 77 K, showed that the single line observed at X-
band resolved into two lines which nearly coalesced when the
magnetic field was either parallel or perpendicular to the c-
axis of the crystal. One of the lines disappeared after warming
to room temperature, indicating the existence of at least two
different centers. The growth of the 400 nm optical absorption
band and the growth of the magnetic resonance signal of the hole
center as a function of gamma dose were well correlated.
However, the decay rate of the optical band was slower than that
of the EPR signal. The difference is primarily attributed to
absorption bands of more stable centers which contribute to the
absorption at 400 nm. The oscillator strength was found to be
0.0710.02. The optical absorption band can be bleached at 295
and 77 K, indicating that the excited states of the holes are
close to the valence band. Polarized bleaching experiments
failed to show any linear dichroism, so that the holes do not

appear to be strongly localized on a single oxygen site.

1. Kh. S. Bagdasarov, L. M. Dorozhkin, A. M. Keverkov,
Yu. I. Krasilov, A.V. Potemkin, A. V. Shestakov, and I. I.
Kuratev, Sov. J. Quantum Electron. 13, (5) {1983).

2. D. Gourier, F. Laville, D. Vivien, and C. Valladas, J. Solid
State Chem. 61, 67 (1986).
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Martin Marietta Energy Systems Inc., contract DE-AC05~840R21400
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CALCULATED LATTICE AND DEFECT PROPERTIES OF M _CuO,
(M =La, Y, Nd, Pr, Al) RELATED TO HIGH T, SUPERCONDUCTIVITY

N.L. Allan and W.C. Mackrodt
ICI Chemicals & Polymers Ltd., P.0. Box 8,
The Heath, Runcorn, Cheshire WA7 4QD, England

Since the discovery in 1987 of high temperature superconductivity in
rare-earth cuprates, there has been extensive experimental investigation of
the physical, chemical and materials properties of these materials to the
point where there is now a consensus view as to most of the important
features. Theoreticai interest has focussed principally on coupling
mechanisms, but here a divergence of views still exists. Rather less
attention has been devoted to understanding the defect structure and
properties of these materials despite their evident importance in
controlling T.(1]. This paper is concerned with the calculated lattice
(static and dynamic) and defect properties of M,CuO, (M = La, Y, Nd, Pr,
Al) with the principal aim of trying to understand why only M = La leads to
high T, materials and nct the remainder. Among the properties considered in
detail are the phonon density of states, the fundamental defect structure,
the nature of the electronic defects, oxidative and reductive
non-stoichiometry and the defect structure associated with divalent
impurities, notably Mg, Ca, Sr and Ba.

1 N.L. Allan and W.C. Mackrodt, Proc. Mat. Res. Soc. Symp. (1987) -
In press.
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EXTENDED DEFECTS IN YBazggag _._AND RELATED PEROVSKITES

T. E. Mitchell and T. Roy
Center for Materials Science
Los Alamos National Laboratory
Los Alamos, New Mexico 87545, USA

The discovery of high Tc superconductivity in La2_xerCu04_6 and
HBa20u307_y (M = Y or rare earth element) has stimulated interest in the
crystal chemistry and defect structure of these and related perovskites.
In the present investigation, transmission electron microscopy has been
used to study the nature of the extended defects in (a) YBa2Cu307_y. (b)
La,Cu0, and La, Sr CuO, . and (c) Euy,Cu0,. All have a triple
perovskite unit cell but all have distinctly different structure and
microstructure and, of course, electrical conductivity behavior.

YBa2Cu3O7_y is orthorhombic Pmmm with ¢/b ~ 3 and b/a ~ 1.017. The
most characteristic feature of the microstructure is the high density of
{110} twins (Fig. 1) which are formed during the transformation from the
high temperature tetragonal phase at ~ 7000C. The twins help to
accommodate the small (1.7X) shear distortion. The twin density is
observed to increase by in situ cooling and the twins can be removed by
heating or by electron irradiation. Both treatments have the effect of
disordering the oxygen atoms in the Cu-O chains in the structure so that
there is a transformation to the tetragonal phase. The orthorhombic
structure is not always restored by cooling due to loss of oxygen:
instead, the diffraction pattern shows a variety of extra spots (Fig. 2)
due to different ordering schemes of the oxygen vacancies.

La2Cu04 is also orthorhombic with a space group variously reported
as Fmmm and Abma; we find extra diffraction spots consistent with Pccn.
The structure transforms from the tetragonal phase (F4/mmm) at ~ 2000C
and again the microstructure consists of sets of twins on the {110}
planes (Fig. 3). The spot splitting corresponds to b/a ~ 1.008 at
ambient temperatures but increases to ~ 1.024 at liquid nitrogen

temperatures. The basic twin structure is observed to remain unchanged
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during cooling but more secondary twins are seen. In addition extra
spots are seen at (110) positions in the [001] pattern which are
streaked along <110>, indicating the possibility of another phase
change. Superconducting La2_x$rx$h04_5 has also been studied. It is
tetragonal at room temperature but transforms to orthorhombic at ~ 200K.
Lenticular twins are observed to form and, as the temperature is
lowered, the twins become clearer and more regular.

Eu2C!uO4 and cd20u04. both with the same tetragonal I4/mmm
structure, have also been investigated. Whether specimens were prepared
by ion milling or grinding, they almost always contained extra

reflections at (% % 0), (%-% 0). (%-% 0) positions in the [001] zone

(Fig. 4). Different regions gave this quadrupling along the two <110>
directions indicating that the base of the unit cell is probably 22 x
v2 of the tetragonal a axis. It is likely that the oxides are slightly

reduced and the oxygen vacancies are ordered in the Cu-0 planes, much as

in the 123 material. Possible schemes will be discussed.

#

Fig. 1 {110} twins in YBa,Cuy 7-y Fig. 3 {110} twins in La,Cu0,

Fig. 2 [001] pattern of YBaZCu3O7_ Fig. 4 [001] pattern of Eu,.Cu0
after pulse heating. y 2 4
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The influence of Jlocal electric +ield and of correlation in the

electronic transport: the case of CdF2

V.Dallacasa, C.Paracchini

Dipartimento di Fisica, Universita’ di Parma - Parma -Italy

The electronic transport process in a compound is usually dominated
by the temperature. At high temperatures thermally activated processes
are favoured and the field assisted thermal ionization is a common
mechanism, The original theory of the effect, as formulated by Frenkel,
leads to two main discrepancies when compared with the experimental
results: a) the value of the Poole-Frenkel constant is smaller than that
expected, b) the ohmic behaviour is not explained. Subsequent
developments of the theory obtain substantial agreement with the
experiments but, though important for the identification of the effect,
they are mainly based on ad-hoc hypotheses [11].

A new mode! which considers the contribution of the internal electric
fields is proposed [2) and the results of previous single centre
theories are now reobtained as a consequence of averaging over the
internal field distributions., Two possible emission cases are examined:
one where the electron emission takes place mainly in the direction of
the applied field, the other for isotropic emission.

At low temperatures the thermal ionization becomes improbable and
other mechanisms 1like hopping prevail. Then the transport takes place
by Jjumps of fixed or variable range between centres in a parrow impurity
band energetically lYocalized aroud the Fermi level [3). A comprehensive
theory of the effect including low and high applied field conditions is

given by Apsley and Hughes [4].
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However when the carrier concentration is so low to avoid screening,
collective states may be produced by the electron-electron interactions.
Then hops occour involving many carriers simultaneously, leading to a
correlated electron motion. At softer interactions the correlation
results in a splitting of impurity band into two parts seperated by a
gap <(Coulomb ogap)> [S1. At stronger Coulomb repulsions charge ordering
may occour with the formation of an electron lattice (Wigner glass) (6],

Such correlations give rise to a reduction of the carrier mobility
leading to deviations from the current-vol tage-temperature
characteristics obtained in non-correlated conditons. The analysis of
the deviations give informations about the kind of correlation,

The study of the experimental data from semiconducting CdF2 crystals
over a wide range of temperature (10-300 K) and applied field (up to S50
KV/cm) evidence the forementioned effects and give an evaluation of the
local electric field, the transport activation energy, the density of
states at the Fermi level and the localization radius.

The results altogether point out the importance of the electric local
field and of the electronic correlations in the electrical transport

mechanisms.
(1) D.M.Pai, J.Appl.Phys. 46 , 5122-5126 (1975

[2) V.Daltacasa, C.Paracchini, Phys.Rev. B 34 , 10 (1986&)
V.Dallacasa, C.Paracchini,lEEETrans.Electr.Insul. EI-22 , 447(1987)
[{3) N.F.Mott, Phil.Mag. 19 , 835-852 (194%9)
[4] N.Apsley and H.P.Hughes, Phil.Mag. 31 , 1327 (1975
{51 M.Pollak, Phil.Mag.B 42 , 781 (1980)
[4) M.Pepper, J.Phys.C 12 , L6100 (1979

V.Dallacasa, J.Phys.C 19 , L4835-148%9 (1984)
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Molecular Dynamics of the Fast-Ion Conductor &-Bissuth Oxide:
Effect of Crystal Potential and Number of Particles

D.A. Mac Dénaill, Department of Chemistry, Trinity College, Dublin
2, Ireland.
and

P.W.M. Jacobs and Z.A. Rycerz, Department of Chemistry, The
University of Western Ontario, London, Ontario, Canada N6A 5B7.

In the fluorite phase of Bi;03 only three quarters of the

anion sites are occupied by oxide ions. Consequently the &-phase has
the highest known conductivity among the oxides. This high
conductivity is related to the highly disordered oxygen sub-lattice.

Static-lattice simulations of 8-Bijz03 [1,2] have shown that: (i) a

disordered oxygen sub-lattice is favoured over regular ordering of the
vacant sites; (ii) that oxygen migration proceeds predominately via
<<100»> jumps: {iii) that cube-centre interstitials are unlikely to
form, but instead relaxed cube-edge interstitials are favoured, in
agreement with neutron scattering studies on the stabilized S-phase
ané (iv) that the &-phase is prone to orthorhombic distortions and
has a tendency to adopt closely related structures of lower symmetry.
To obtain greater insight into the remarkable properties of §-Bij03 we
have begun an extensive series of dynamic simulations. Some
preliminary results have been published elsewhere [3,4]. Here we
present new results on the effect of crystal potential, lattice
constant and the size of the simulation sample on the two sub-lattices
and on oxygen diffusivity.

Various potentials were derived for the static-lattice single-

defect and periodic boundary simulations and two of these, called R
and D1 respectively were used in initial MD simulations. With
Harwig's experimental lattice constant of a = 5.6444 at 1029 K,
potential R predicts only limited mobility in the oxygen sub-lattice,
but potential D1 (with the short-range hardness parameter adjusted to
fit the static dielectric constant) gives somewhat greater mobility in
the oxygen sub-lattice, as shown by histograms of total ion
displacements and projections of ion positions. Radial distribution
functions show a less - ordered oxygen sub-lattice, for D1, but this
is still far from liquid-like. A reassessment of all available
published data on the §-phase lattice parameter of Bi;05 solid
solutions led to a new value for a of 5.531k at O X, and potenials D2
and D3 were derived by refitting to the density at O K, assuming <111)»
and <100> vacancy ordering respectively. These potentials are softer
than D1, and D3 yields a very disordered oxygen sub-lattice with
suggestions of a lower-symmetry structure. This feature, and also the
strong tendency to superlattice formation shown by periodic-boundry
static-lattice simulations has promoted a series of MD simulations
that use a primary domain of 4x4x4 unit cells instead of 3x3x3 unit
cells employed in the simulations described above. Results derived
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from all these simulations: radial distribution functions, the
velocity autocorrelation function and its integral and Fourier
Transform, histograms, projections of ion-positions and ion-
trajectories (figure) will be contrasted. The conductivity calculated
from the oxygen diffusion coefficient will be compared with
experiment.

Financial support from the Natural Sciences and Engineering
Research Council of Canada is gratefully acknowledged.
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Projection in the ZX plane of the trajectory of a single oxide ion in

8-Bij03 during a 10 ps simulation.

1. P.W.M. Jacobs and D.A.Mac Déhaill, Solid State Ionics, 25, 279
(1987); ibid., 25, 295 (1987). ibid., 25, 307 1987;

2. P.W.M. Jacobs, D.A.MacDénaill and A.N. Cormack, Adv. Ceranm.,
23, 307 (1987),

3. P.W.M. Jacobs and D.A. MacDénaill, Cryst. Latt. Def. Amorph.
Mat., 15, 325 (1987).

4. D.A. MacDénhaill, P.W.M. Jacobs and Z.A. Rycerz submitted for
publication.

352




6B - 05

DEFECT STRUCTURE AND TRANSPORT PROPERTIES OF MIXFD IRON-MANGANESE-OXIDES

Riidiger Dieckmann and Peter Franke

Cornell University, Department of Materials Science and Engineering
Bard Hall, Ithaca, NY 14853-1501, U.S.A.

In general, transport of matter in crystalline solids is determined by
defects. At sufficiently high temperatures, the influence of one- or
higher-dimensional defects is often negligibly small, Then the transport
properties are determined by the different point defects being present in
the solid. In the case of oxides containing transition metal ions, the pre-
sence of point defects causes a deviation from stoichiometry. The extent of
this deviation from stoichiometry as well as the transport properties are
unequivocally determined by the values of the independent thermodynamic
variables of the system. Consequently, the results of systematic investiga-
tions of nonstoichiometry and transport properties as a function of the
thermodynamic variables allow conclusions with regard to the kind of the
point defects present and with regard to the mechanisms of migration of

ions and point defects.

The present investigation deals with the relationships between point
defect concentrations and transport properties in ternary oxides at absence
of potential gradients. The ternary oxides investigated are (Fe,Mn)O and
(Fe,Mn)304 mixed oxides.

The deviation from stoichiometry, the diffusion coefficients of the
radioactive isotopes Fe-59 and Mn-54, and the DC-conductivity have been
measured as a function of oxygen activity and cationic composition across
the entire stability range of the (Fe,Mn)O-phase at 1000 °C. The samples
used consisted of dense, polycrystalline materials. A microbalance was used
for the nonstoichiometry measurements, Tracer diffusion coefficients were
measured by a residual activity method. Electrical conductivity was studied
by a 4-probe-technique. Oxygen activities were established by CO/COz-mix—

tures and monitored electrochemically.
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It was found that the tracer diffusion coefficients of both cations
behave very similar with respect to the thermodynamic variables. The abso-
lute values of both diffusion coefficients do not differ significantly at
given oxygen activity and cationic composition. The diffusivities increase

with increasing iron contents.

At constant cationic composition, the DC conductivities of mixed
oxides with large manganese contents show minima as a function of oxygen
activity and deviation from stoichiometry, respectively. At lower MnO con-
tents no minima occur and the conductivity increases with increasing oxygen
activity. The deviation from stoichiometry and the DC-conductivity are al-

most proportional at high oxygen activity.

For the (Fe,Mn)3OA—phase, tracer diffusion coef{icients of Fe-59 and
Mn-54 were determined at 1200 °C as a function of oxygen activity and cat-
ionic composition. For all cationic compositions it was found that the dif-
fusion coefficients of voth cations show minima as a function of oxygen
activity. This indicates a change of the diffusion process and of the kind
of defects being dominant for cation diffusion. It is concluded that at low
oxygen activities interstitial cations and at high oxygen activities cation
vacancies are the predominant defect species for cation tracer diffusion.
At constant cationic composition, the minima of both cation diffusivities
occur approximately at the same oxygen activity., This suggests that an in-

terstitialcy diffusion process predominates at low oxygen activity,
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STRUCTURAL AND DYNAMIC PROPERTIES OF MIXED CATION FLUORIDE
CONDUCTORS

P. A.Cox and C. R. A, Catlow
Department of Chemistry, University of Keele, Keele, Staffs. ST5 5BG, U.K.
The fluorite-structured mixed metal fluorides Rbj_ 8i Fj4p, are
exceptionally good F~ ion conductors: a property which is clearly
related to the nature of the cation distribution in the materials. We

have recently studied these materials using two techniques:-

EXAFS has bcen used to study the local structure of the two types

of cation. Data was collected both as a function of temperature and x
(in the range 0.5¢X30.75). The results reveal considerable differences
between the two types of cation. In particular for an Rb/Bi ratio of one,
it is clear that defects are preferentially generated in the vicinity of Rb
rather than Bi - a feature which is essential for the superionic
behaviour of the materials. Morecover, we find that considerable
short-range order develops as x deviates from 0.5, and in the limit of

Bi/Rbz=3, a fully ordered structure develops.

Molecular dynamics has been used to yield valuable information on
atomic migration within RbBiFy. Data was obtained for a series of
temperatures between 80K and 750K. Excellent agreement between the
structural prediction of EXAFS and MD is obtained. A non-colinear
interstitialcy mechanism is proposed fc.' anion. diffusion within RbBiF4:
and more complex correlated lattice-interstitial migration mechanisms are

revealed by the MD studies.
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LOCAL STRUCTURE AROUND IMPURITIES INFERRED FROM OPTICAL AND E.PR.
SPECTROSCOPY
M. Moreno

D.CIT.T.Y.M,, Seccién Ciencia de Materiales. Facultad de Ciencias.
Universidad de Cantabria. 39005 Santander. (Spain)

The new properties due to an impurity M in an insulator material can be understoood to a
great extent in terms of the M X[, unit formed by M and the n ions X in nearest neighbour
position. Because of this fact the knowledge of the true M-X distance, termed R, between
impurity and ligands and its variation under applied pressures or temperature changes plays a
key role for a right microscopic understanding of the properties associated with the impurity.
This task is however not easy to be achieved.

Though the EXAFS technique can be applied to any type of impurities it offers however
some drawbacks. In particular changes in R, AR less than 2 pm can hardly be detected which
means that EXAFS technique is not suitable for measuring AR induced by applied pressures
less than about 1 GPa or by thermal expansion effects or even by structural phase transitions
undergone by the host lattice. On the other hand that technique is not likely to be good for the
case of "unstable” impurities (like Ni* for instance) due to the simultaneous presence of the
stable impurity (like Ni2*) in the sample as well as the absence of reference compounds.

The present work emphasizes the usefulness of traditional optical and magnetic resonance
measurements for obtaining reasonable information on the true M-X distance and its variations
induced by applied pressures, phase transitions, etc... A particular attention is paid to the

methods founded on reliable self consistent calculations of the complex as a function of R

rather than to those involving empirical not proved assumptions.

A first part will be devoted to the information derived from spin-hamiltonian parameters
and particularly from the isotropic superhyperfine constant A for the case of paramagnetic

impurities containing unpaired o- electrons. Calculations for different 3d complexes establish
that A depends upon the square of the group overlap integral 5. The application of this law

will be illustrated with different examples going from Mn2* in fluorides to unstable impurities
like Nit*, Cr* or Ag” in several host lattices. For the latter case strong outward lattice
relaxations of up to 25% are obtained. It is also pointed out that by measuring A, through
ENDOR AR changes well below 0.1 pm can be detected.

A second gan devoted to optical properties will be maikly focused on crystal-field spectra
of Mn2* and V2* in fluorides. Reliable calculations for MnFg#- and VF¢#- point out that the
effective Racah parameters, B and C, are nearly independent of R while 10 Dq is proportional
to R"™ m being close to five. Using this idea the R values obtained for Mn2* in fluorides
concur with those obtained from A, data as well as with those derived from EXAFS. The

dependence upon R of other optical excitations (such as charge transfer, 3d—4s, etc...) will
also be discussed. A particular attention will be paid to charge transfer transitions of Cu*
complexes. Finally the implications of local relaxation on other physical aspects such as the
position of the impurity levels within the band scheme of the host lattice or the determination of
covalency from E.P.R. data will also be analysed.
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APPLICATION OF MAGNETIC MULTIPLE RESONANCES
TQ STUDY DEFE IN IlI-V COMPQUND:

J.-M., Spaeth

Fachbereich Physik, University of Paderborn
Warburger Str. I00A, D-4790 Paderborn, FRG

Optical detection of electron spin resonance by measuring the microwave induced changes of
the magnetic circular dichroism (MCD) of the absorption band was first used to study both
the ground and excited states of F centres in alkali halides (1). The method was somewhat
forgotten for a long time until rather recently it proved to be a very useful tool for the study
of defects in III-V semiconductors like GaAs and GaP, This paper reviews recent results of
the application of the "MCD-method" to the investigation of extrinsic an intrinsic defects in

GaAs.

In s.i. as-grown GaAs the most important deep donor is the EL2 defect, which is
paramagnetic in its singly ionsed form (EL2*). Although its optical absorption band is very
weak and not observed in a straight absorption experiment, the MCD is of the order 1073
and easily observable. The ESR effect is about 20% of the MCD as measured in each of the
4 resolved 75As hyperfine lines. It was possible to measure also electron nuclear double
resonance (ENDOR) by monitoring the rf and microwave induced changes of the MCD. The
superhyperfine and quadrupole interactions with '7As-neighbours could be resolved and
determined accurately. The ODENDOR effect is several orders of magnitude higher than
expected from simple spin occupation statistics, which is not yet understood. It is of the
same order as the ODESR effect. The EL2' defect model could be derived from the

superhyperfine interactions to be an As-antisite/As-interstitial pair defect (2).

In semiconductors it is very important not only to determine the structure, but also to
determine the energy levels of a defect. This can be done in materials where the level under
investigation is empty. Then by photo-ODESR and photo-ENDOR experiments, in which
the level is occupied by raising electrons from the valence band, the level position can be

determined.
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The MCD method was also used to investigate transition metals in GaAs and InP. It turned
out that the ODESR effect cannot only be observed in intracenter absorption transitions but
also in ionisation transitions to both the valence and conduction band. This observation
makes the applicability of the method rather general. Examples are given for V3+ and v+
in GaAs and Fe3+ in InP. A novel method was derived recently to determine the spin and
thus charge state of a defect based on measurements of the temperature and field dependence
of the MCD and its comparison to the Brillouin function once the g-factor is known. It
could be shown that V2+ on a Ga-site in GaAs, a 3d3 configuration, has S=1/2, ie. is in a
low spin state. This was the first such observation in III-V compounds and in accordance
with recent theoretical predictions (3). In recent MCD experiments of s.i. GaAs also a
diamagnetic MCD was discovered, which was assigned to ionised shallow C and Zn acceptors.

The MCD m.cthod allows thus also to observe spin paired states.

The MCD’s of defects can be more characteristic than their ESR spectra. It could be
demonstrated that the same ODESR spectrum for several As antisite-like defects was
measured within experimental error, which belongs, however, to very different MCD spectra,
which were measured as a sort of excitation spectrum of the ODESR lines ("MCD tagged by
ESR") (4).

It will also be shown that the optical detection of ESR and ENDOR lends itself to spatially
resolved ESR and ENDOR experiments. An example for such a mapping investigation in s.i.
GaAs will be given.

ODESR experiments via donor-acceptor recombination luminescence are a long established
method in semiconductors. They have, however, definite disadvantages compared to the
MCD method, which will be briefly discussed.

(1) Mollenauer and S. Pan, Phys. Rev. B6, 772 (1972)

(2) B.K. Meyer, D.M. Hofmann, J.R. Niklas and J.-M. Spaeth,
Phys.Rev. B36, 1332 (1987)

(3) A. Gorger, B.K. Meyer, J.-M. Spaeth and A. Hennel,
J Phys. C, in press (1988)

(4) F.J. Ahlers, F. Lohse, J.-M. Spaeth and L.F. Mollenauer
Phys. Rev. B 28, 1249 (1983)
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THE PHYSICS OF LATTICE DEFECTS IN THE SILVER HALIDES¥®

L. M. Slifkin

Department of Physics and Astronomy, University of North Carolina
Chapel Hill, NC 27599-3255, USA

In silver bromide and silver chloride, the crystal defects -- both
electronic and ionic -- exhibit unusual and interesting physical
properties. These properties are not only essential to the efficient
functioning of the photographic process, but they also provide
significant research opportunities. This paper will deal only with the
ionic point defects -- the Frenkel defects and impurity ions -- and will
consider a variety of recent developments that have enhanced our

understanding. These include:

(a) An appreciation of the role and near-uniqueness of the easy
quadrupolar deformability of the silver ion, giving rise to an
extraordinarily high jump frequency of the interstitial, even at quite

low temperatures.

(b) Progress in computer simulation studies of the defect formation
and migration enthalpies and entropies, along with a revival of the
question of the direct migration of the interstitial, vis-a-vis the

interstitialcy replacement mechanisms.

(c) Experimental resolution of the Frenkel pair formation enthalpy
and entropy into the separate contributions associated with the
interstitial and the vacancy, leading to an appreciation of the large

effect of the entropy change due to shifts in phonon frequencies.

(d) An investigation of the possible Hall effect due to the
migration of independent interstitials in the crystal lattice, as

contrasted with the liquid-like behavior of superionic conductors.

(e) Experimental observations of surprisingly enhanced
conductivities of composites of silver halides with fine particles of
oxides, and the development of several (possibly competing) theoretical

models.
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(t) The demonstration and determination of the non-linearity of the

temperature-dependence of the Frenkel formation free energy.

(g) Experimental elucidation of the roles of ion size, charge, and
electronic configuration in the diffusion of impurity tracers in AgBr

and AgCl.

(h) Evidence for the creation of Frenkel defects as a result of the
trapping ot photocarriers at impurities, and evidence for the trapping

of photocarriers at or near Lo vacancies and interstitials.
A number of questions do, however, remain unanswered. For example:

(a) Why does the activation energy for vacancy migration decrease

rapidly upon heavy doping with divalent cations?

(b) How are we to understand the anomalously high values of
activiation energy and pre-exponential factor in the high-temperature

diffusion of halides and some other ions in silver bromide?

(c) What are the sources and sinks for point defects inside the

bulk crystals?

*Supported by the National Science Foundation under Grant DMR-8722476.
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IMPURITY AGGREGATION IN IONIC CRYSTALS

M. Manfredi
Department of Physics - University of Parma and G.N.S.M. - C.L.S.M.
Viale delle Scienze - 43100 Parma - ITALY

The aggregation process of impurities in ionic crystals can be monitored by means of
techniques such as ionic thermocurrents (ITC) [1] or electron paramagnetic resonance
(EPR) and, at the late stages of the process where large aggregates are produced, by
means of electron microscopy or X-ray diffraction.

Measurements of optical absorption, emission and luminescence time decay spectra
have been widely used in the last years in order to get complementary information about
the above process.

Recently two kinds of measurements have been utilized, that look promising in order
to increase the knowledge about the aggregation processes, particularly in certain stages
where the above mentioned techniques could be less sensitive.

The idea, which these measurements are based, is as follows: to the impurities whose
behaviour is being studied (referred as "aggregating impurities”) a small percentage of
a second impurity is added, that acts as a "probe” of the aggregation process. These
last impurities {the ”probe impurities™) are optically active.

If the aggregation impurities are not optically active [2], the changes on the optical
properties of the probe impurities are assumed as a tool for monitoring the aggregation
processes. If both impurities are optically active [3, 4], the aggregating and probe
impurities can act as donors and acceptors respectively, so it is possible in principle
that energy transfer between them takes place.

The energy transfer is very sensitive to the distance between donors and acceptors
as shown by the transfer probability, that in the case of a dipole-dipole mechanism is:

P(DD) « QuR™%15'E~* [ fp(E)FA(E)dE

where Q, i8 related to the oscillator strength of the transition, R is the distance between
donors and acceptors,7p is the decay time of donors, fp(E) and F4(E) represent in the
overlapping integral, the normalized shape of the donor emission band and the acceptor
absorption band, respectively and E is the average value of the energy involved in the
transition .

When the distance between donor-acceptor pairs becomes shorter than the interac-
tion distance R’ the transfer is detected experimentally.

Furthermore the time decay signals change their shape depending on the kind of
aggregates that are formed and it is possible to distinguish between mechanisms as single
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pair transfer or energy migration along donor chains before the transfer takes place.
Systems such as NaCl: Eu, Mn, KCl: Eu, Mn, NaCl: Pb, Mn etc. have been examinated
from an experimental point of view. Starting from a quenched situation, in which
the distance between the impurities is larger than the interaction distance aggregation
processes have been induced, and step by step the energy transfer mechanisms have
been analysed.

[1] R. Capelletti, Radiation Effects 74, 119 (1983).

(2] J. Garcia Sol2, C. Zaldo, and F. Agulld-Lopez, Phys. Review B 25 , 3050 ( 1981).
{3] P. Aceituno , C. Zaldo , F. Cussd, and F. Jaque , J. Phys. Chem. Solids 45 , 637
(1984).

(4] J. Rubio O., H. Murrieta S., R. C. Powell, and W. A. Sibley, Phys. Review B 31
(1985).
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QPTICAL PROPERTIES OF IMPURITY PERTURBED COLOR CENTERS IN
INSULATING OXIDE _RYSTALS™

‘G. J. Pogatshnik and Y. Chen
Solid State Division, Oak Ridge National Laboratory
Oak Ridge, TN 37831 USA

The optical properties of impurity perturbed color centers
in alkali-halide crystals have been studied extensively and have
found important applications in color center lasers. However,
much less 1is known about the analogous centers in oxide
crystals. We examine three different systems whose optical
properties depend on the perturbing ion and the host: Cr3* ions
perturbed by F centers in neutron irradiated MgAl204 spinel,
ced+ perturbed color centers in Ce:Ca0, and color centers
perturbed by rare earth ions in YAG.

Chromium ions are present in trace amounts in most spinel
crystals These impurities can be detected by the characteristic

Ccr3* emission in the near infrared. Neutron irradiation
produces F centers with broad absorption bands in the
ultraviolet. While no luminescence is observed from the F

centers themselves, their presence alters the observed
characteristics of the Cr3* emission.l Excitation spectra of
the 695 nm Cr3* emission following neutron irradiation showed
that the Cr excitation bands increase in intensity and shift to
higher energy with increased exposure to neutron irradiation. F
centers created by neutron irradiation can be located at random
next to Cr3+ impurities, and the perturbation produces the
‘:creased strength of the chromium excitation bands. This
etfect has previously been observed in some fluoride crystals
and was attributed to exchange coupling between the F center and
the Cr impurity which increases the oscillator strength of the

Cr transitions.?2

Calcium oxide crystals doped with cerium present a
contrasting case to the chromium in spinel. Crystals of CaC
doped with ~0.1% Ce exhibited broad color center absorption
bands at 470, 400, and 300 nm. The 400 nm absorption band is
similar to that of the F center in Ca0Q, and the 470 nm band is
attributed to cerium perturbed color centers. Excitation near
470 nm produced a broad band emission which peaked at 580 nm.
The fluorescence lifetime at room temperature and 77 K is
approximately 80 ns. While the cerium perturbed color center is
an efficient emitter, we have observed no fluorescence which we
can attribute to the 5d to 4f luminescence of the Ce3% ion, even
though EPR measurements show an abundance of Ce3* ions at cubic

symmetry sites.3
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Finally, we examine the optical properties of a color
center in YAG which is perturbed by a rare earth ion. These
crystals were grown by the Institute of Optics and Fine
Mechanics, Shanghai, P.R.C. and were provided by Wu Guangzhao.
Some of the crystals have a color center absorption band at 370
nm and an efficient emission at 400 nm.%4 Excitation near 240 nm
also produces narrow emission lines which we believe are due to
Tb3* ions. We presume that the color center is associated with
Tb ions since we have not observed this color center in crystals
where the narrow emission lines of the Tb were absent. The
presence of the color center produces changes in the expected
optical properties of the perturbing ion. While the emission
lines from the Tb 5D4 level are similar to those in uncolored
Tb:YAG, the emission lines from the 5D3 state are shifted to
lower energy than those normally observed in Tb:YAG. The shift
is approximately 1000 cm~l, which is extremely large for a rare
earth ion. The fluorescence lifetimes of the narrow emissicn
bands are less than 5 Us, which again is very uncharacteristic
of 4f transitions in the rare earths,

The optical properties of the impurity perturbed color
centers examined above exhibit a wide variety of properties
which are not well understood. It 1is hoped that further
investigation of these centers may lead to useful applications
in optical devices.

1. L. 8. Cain, G. J. Pogatshnik, and Y. Chen, Phys. Rev. B
(in press)
2. K. H. Lee and W. A. Sibley, Phys. Rev. B1l2, 3392 (1975).
G. J. Pogatshnik, M., M. Abraham, and Y. Chen,
(to be published).
4. W. Guangzhao and Z. Xiurong, Chin. J. Lasers 14, 318 (1987).

* Supported by DARPA under interagency agreement 40-1611-85 with

Martin Marietta Energy Systems Inc., contract DE-AC05-840R21400
with US DOE.
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OPTICAL AND E.P.R. INVESTIGATION ON AS GROWN NaBr:an+ AND

LiCl:Mn®* SINGLE CRYSTALS

C. Marco de Lucas, F. Rodriguez, M. Moreno
D.C.I.T.T.Y.M,, Seccién Fisica de Materiales, Unjversidad de

Cantabria, 39005-Santander, Spain.

Excitation and emission spectra in the range 14-300 K as well as EPR
spectra in the range 7-300 K have been recorded for as grown NaBr:an*

and LiCl:an+ single crystals containing about 500 and 1500 ppm of Mn2+

respectively. In the case of NaBr:an4> the EPR spectrum consiste only
of an isotropic band with Apr=133 G arzuil displaying a truncated Lorent-
zian shape similar to that found for Mn and other 3d ions campounds.
The value of Apr remains essentially unchanged fram 300 to 7 K.

This result indicates that the EPR signal is due to a precipitated

phase of Mn®" whose magnetic phase transition is placed weli below

7 K. No traces of isolated Mn2+ have been detected.

The excitation spectrum displayed in Figure 1 reveals the presence
of a double excitation peak at 214 nm reflecting the existence of
=xchange interaction. Moreover the crystal-field bands suggest a local
Oh symmetry for an+. The inspection of the excitation spectrum in the
7-300 K range does not showindications of either structural or magnetic
phase transitions. The emission peak is placed at 622 nm at 14 K and
at 601 nm at roam temperature. No signs of transfer processes and trap
luminescence have been detected.

The camparison of these results with those found for NaCl:Mn
strongly suppart the formation of Suzuki phase precipitates, as it
was previously indicatedl'z. Moreover a careful analysis of the 4Tl(G)
band (Figure 2) shows the presence of vibronic progressions associated
to a phonon frequency =130 an~l, which is close to that associated?
to the A, mode by Raman spectroscopy. This result also supports

9 ~
that ani is surrounded by 6 Br ions in spite of the position of the

41\, 4E peak at 420 nm, usually found at 430 nm far MnBrsd-.

2+
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The results on LiCl:MnZ+ are rather similar to those obtained

for NaBr:Mn>'. They discard the formation of the LiMnCl, campound
having the inverse spinel structure while they support the presence
of the Suzuki phase. The large value Apr=600 G found for the EPR
band-width points out that in this case the exchange constant J is

about half that found for the Suzuki phase in NaCl:Mn’'.

1 F. Rodriguez, M. Moreno, Solid St. Cammn. 58, 701 (1986).

2 A, de Andrés, J.M. Calleja, J. Mol. Structure, 143, 71 (1986).
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OPTICAL INVESTIGATIONS ON NH, Br:Cu

TH - P3

2+ 2+
4 AND NH4C1:Cu

A.G. Brefosa, F. Rodriguez, M. Moreno

D.C.I.T.T.Y.M., Seccién Ciencia de Materiales, Universidad de
Cantabria, 39005-Santander, Spain

Ammonium halides are interesting basic materials because they display

simple crystal structures and at the same time exhibit phase transitions
related to the ordering of NH:1 tetrahedra.

In such materials particular efforts have been devoted in order to
found sensitive probes for detecting the phase transitions. In this way

2+

E.P.R. experiments have been carried out using well characterized Cu'
centers as a probe. Nevertheless much less attention has been focused

on the optical properties of such centers.

In particular no studies

have been reported up to date on the sensitivity of charge-transfer

(C.T.) bands of Cu2+ centers in spite of the low Cu

+ .
2 concentration

(~ 5 ppm) needed to detect them. A main goal of the present work is just
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to emphasize the good sensitivity of
CT bands of center II in NH48r and
NH4C1 as probes for revealing the
phase transitions due to ordering of
NH, ions in both materials.

Figure 1 depicts the Optical Absorp
tion spectrum of a NH4Br sample
containing about 100 ppm of center II.
At 83 K the spectrum is camposed of
two bands peaking at 26200 an * and

The first
1 lower than
4C1:Cu2+.
This figure supports that such bands

29700 an ! respectively.
band lies about 7000 am_
the corresponding for NH
arise fram halogen to Cuz+ one-
-electron jumps.

When upon cooling the sliuggish
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(Figures 1 and 2). . —
Upon warming
however the jump
occurs at 108 K in agreement with the large hysteresis involved in this
rhase transitionl. These facts stress the greater sensitivity of CT
bands of l\ll~l4l3r:cl.12+ for detecting this transition when campared to that
of the [g| tensorz. Figure 2 also reveals the existence of the phase
transition at 234 K (involving an antiferramagnetic ordering of NHZ) and
supports that this transition has & dominant second order character at
variance with what is found for the transition at 78 K,

In NHqu:Cuz+ the appearance of "ferrcmagnetic order" at 243 Klgives
also rise to a red-shift of the first CT band decreasing by 900 an = in
the 243-190 K range. The influence of variations of Cu2+ ligand distan-
ces upon the red shifts of CT bands will be discussed.

Finally the crystal-field spectra at 14 K of both NH 4C1:Cu2+ and
NH Br:Cu2_+ show the presence of well resolved progressions assigned to

4 -
the NH3-Cu2+ stretching mode.

.y r
"o 300

TEMPERATURE (K) Flg 2

1 A, Bonilla, C.W. Garland and N.E. Schumaker, Acta Cryst. A26, 156

(1970).
2 A. Kawarmori and J.L. Rao, Bull. Mag. Res. 5, 203 (1983).
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DEPENDENCE OF CRYSTAL-FIELD SPECTRUM OF

RanFé AND l(b'lﬁl‘:‘3 WITH TEMPERATURE

IN THE 14-600 K RANGE

F. Rodriguez, M. Moreno
D.C.I.T.Y.Y.M,, Seccidn Ciencia de Materiales, Facultad de Ciencias,
Universidad de Cantabria, 39005-Santander, Spain.

J.M. Dance, A. Tressawud
Laboratoire de Chimie du Solide du C.N.R.S., Université de Bordeaux,I,
33405 Talence Cedex, France.

The Optical Absorption peaks due to an impurity in insulator materials
depend on both the temperature of the sample and the pressure. Microsco-
pically the observed variations in the peak positions reflect the struc-
tural changes around the impurity, induced by temperature or pressure
variations.

In the case of Mn2+ doped fluoroperovskites the variations undergone
by the crystal field spectrum have been well explained as being due to
different Mn2+—F_ distances in the Mnl“6 4- unit induced by a different
"chemical pressure" of the rest of the lattice upon it. With regard to
this problem theoretical Hartree-Fock-~Roothaan calculations as well as
experimental measurements on Mn2+ doped fluoroperovskites point out that
the Racah parameters B and C for MnF64_ are practically independent of
the Mn’*-F" distance, R, while 10 Dg depends on R " with n=4.651*2,

The understanding of the changes experienced by the peak positions
due to temperature variations is however a more camplicated task. In
fact if E denotes the energy of a peak, the experimentally measured

quantity (OE/QT), is given by (OE/JT),= (QE/OVIn(3V/3T) +(E/T),

so it is governed not only by thermal expansion effects but also by the
s0 called explicit term ( 9E/ BT)V, which is not easy to calculate a
priori. In order to determine what is the importance of each contribution

it is necessary to study a pure conpound whose optical properties are
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however well described in terms of

canplexes such as it happens for 5e ‘a'e
. Mg
N
RanF3 and KMnF,. In such cases the e
23%.2
local thermal expansion is known3'4

and then the explicit term can be 2.5 RbMnF; -

-1

PEAK ENERGY (107 em™)

obtained a posteriori fram the KMnFy -

experimental { g E/ aT)p values.
In the present work we have studied

ema, . . . Tz
the changes undergone by the Optical

Absorption peaks of RanF3 and KMnF3

single crystals in the 14-600 K

temperature range. The results for R
the 4T1(G), 4T2(G) and 4A1(G),4E(G) 4
peaks of RanF3 and KMnF3 are shown 9.0 N \ L ’ .
on the Figure. Aside from the exis- 5.8 e

tence of known phase transitions in 100 300 500
such materials (indicated by arrows) TEMPERATURE (K)

it reveals that above 150 K the

peaks depending upon 10 Dg experience in fact a much more pronounced va-
riation with temperature than the 4Al(G), 4E(G) peak. The analysis of
these data using the known thermal expansion coefficients for }QVInF3 and
RanF3 as well as the dependence of the peak energies with R leads to the
conclusion that for both crystals the thermal expansion contributions to
{ QE/ 8'1‘)p is 40% while the explicit contribution amounts to 60%. This
conclusion is at variance with that recently reached by Darwish et al.
pointing out that the explicit term is ddninants. The present results are
not encouraging in order to obtain information about the local thermal

expansion around an impurity from optical data.

1 F. Rodriguez, M. Moreno, A. Tressaud and J.P. Chaminale, Crys.Latt.Def.
16, 221 (1987)

2 M. Fldorez, L. Seijo and L. Pueyo, Phys.Rev.B34, 1200 (1986).

E. Dormann, J.R.D. Copley and V. Jaccarino, J.Phys.C:Solid State Phys.,
10, 2767 {1977)

L.J. de Jongh and D.J. Breed, Solid State Camm., 15, 1061 (1974)

5 S. Darwish, S. Abumansor and M.5. Seehra, Phys.Rev. B34, 3198 (1986)
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EVOLUTION OF THE F AGREGATE CENTERS UNDER F LIGHT BLEACHING:
A SIMPLE MODEL

V. D. Rodriguez! & E. Pérez®
! Dpto. Fisica, Univ. La Laguna, Tenerife (Spain)
2 Inst. Astrofisica de Canarias. La Laguna, Tenerife (Spain)

INTRODUCTION
The optical excitation of F centers in alkali halides induces rhe bleaching of these centers and also

modifies the concentration of F agregates centers (1).
It has been observed that the decay of F centers in NaCl and KCI obeys to a 1°! order kinetic

{2,3). In this communication we present a simple model to describe the evolution shown by F aggregate
centers under F light illumination. The model is contrasted with experimental reenlts carresponding to
NaF with color centers produced via X irradiation.

THE MODEL
We consider that the concentration of each kind of aggregate grows from lower aggregates and
decreases by the formation of larger aggregates. This can be expressed by the following differential

equations:
A
ddtl =pBF?_pB'FM
d
d_lt? = FM - 3"FR
ddj: - ﬁ”FR _ B/HFJV

where M R and N represent aggregates of 2. 3 and 4 F centers respectively. Considering that the decay
of F centers is governed by a 1*! order kinetic, this is:

F = Fe™°!

it is possible to integrate the above equations obtaining:

B élp a3
M= EF+Cea + 37
3 c3 gy ey ad (1 1
= pF - gt rot e G (S g
. 3 c3'3” 2 e e ad 1 1 1 )
N= = ~F _ —F " F haladl B - -
HIHF + (d’ - 3!1)([3/ - 311/)( 3 dwf + C + 3 (Jv + R + 3

where C, C* and C™ are constants.

RESULTS FOR Naf
In figures 1 and 2 we present the experimental data for the evolution of the different centers under
F light bleaching at room temperature (RT) and at 145°C respectively. The coutinuous lines show our

model fit to the data points.
In both fignres we observed that the decay of F centers is exponential and quicker at 145°C. The

thermal activation energy obtained is 0.25 eV,
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The M centers adopt a very different behaviour with the two temperatures considered. It can be
outlined that our model is able to reproduce both of them. Parameters 8 and 4, which account for the
formation and destruction of M centers, have similar values at RT, 0.046 and 0.043 respectively. When
measured at 145°C, 3 increases by a factor of 2 while #’ increases by a factor 18. On the other hand.
B’ is the parameter associated to the formation of R centers.

At RT the concentration of R centers only changes slightly under F light illumination. Larger F
aggregate centers are not formed in an appreciable quantity.

When the sample is heated at 145°C most of the R centers disappear and N centers are formed.
The most interesting behaviour at this temperature is that under F light illumination N centers and
even colloids are formed. This is shown in figure 2.

To conclude, we report that when F light bleaching is made above RT the formation of large
aggregate centers is enhanced. This is accounted for in our model by the increment of the corresponding
parameters.

optical density

bleaching time (h) — o

(1) Dale Compton, W. & Rabin, H., 1964,Sol. State Phys. 16, 121.

(2) Jaque. F. & Agullé Lopez, 1974, Cryst. Latt. Defects, 5, 65.

(3) Deshpande, A.V., Chandratillake, M.R., Hamblett, I.H., Newton, G.W.A_, Patil. S.F. & Robin-
son, V.J., 1981, sl J. Chem. Soc., Faraday Trans., 77, 135.
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THERMAL AND OPTICAL BLEACHING OF ABSORPTION SPECTRA IN REDUCED LiNbOg

A.Garcia-Cabafies, E.Dieguez, J.M.Cabrera and F.Agullo-Lopez
Departamento de Fisica Aplicada C~IV, Universidad Autonoma de Madrid
Cantoblanco, 28049 Madrid (Spain)

Thermal reduction of LiNb03 introduces a complex absorption band,
very likely made up of several components, some of them associated with
oxygen vacancy centres (1). The study of the thermal and optical stability
of the spectra may provide some clues on the various components and reac-
tions among them. LiNb03 crystals with different Li/Nb ratios (0.83, 1.1
and 1.2 in the melt) have been reduced in vacuum at 800-9002C as to
develop the typical absorption band extending up to the near IR. Then, the
evolution of the band with heating above RT (up to 2500C) has been measu-
red. As previously reported for congruent reduced (2) and e-irradiated
samples (3), the band decreases for all Li-deficient compositions in the
VIS-UV region to the benefit of a clear band growing at 1.6 eV (associated
with small polarons Nb+4). The effect is clearly reversible in the range
RT-2500C.

Parallel experiments have been carried out by subjecting the
reduced samples to monochromatic iilumination at LNT ( Ai = 405 nm, ‘XZ =
480 nmj. As previously reported for congruent veduced samples (4), it is
again found that the absorption above 2 eV decreases to the benefit of
a well-defined band peaked at 1.5-1.6 eV. As for thermal excitation, the
magnitude of the effect is highest for the most Li-deficient samples,
although the spectral changes are qualitatively similar for all Li/Nb. A
typical spectrum showing the spectral changes brought about by a) illumi-
nation, and b) heating, is shown in Figure 1.

Thermal and optical bleaching experiments have been also performed
on Fe, as well as Fe- and Mg- doped LiNbO4. Some differences with regard
to the undoped samples are to be noted:

a) The magnitude of the induced changes is much smaller for the
doped samples.

b) The IR band growing at the expenses of the UV-VIS band peaks
at 1.6-1.7 eV (Fe:LiNbO3) and 1.8-1.9 eV (Fe:Mg:LiNb03).
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Figure 1
Incremental absorption coefficient
o of a reduced LiNbO3 sample, Li / Nb
-8 | = 0.908, after: a) illumination at
X = 480 nm (T=77 K). b) heating and
measuring at 573 K.
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THE RELAXATION DYNAMICS OF OPTICALLY EXCITED
F CENTERS IN ALKALI HALIDES

Yuzo MORI and Hiroshi CHKURA
Department of Applied Physics, Osaka City University,

Sumiyoshi-ku, Osaka, JAPAN 558

Vhen the F center is optically excited, the strong electron-
lattice interaction of F center yields a simultaneous dynanmics
of electrons, radiation field and surrounding lattice asso-
ciated with its large relaxation. This process can appear in
the resonant secondary emission (RSE) which occurs subsequently
as the resonant Raman scattering (RRS), the hot luminescence
(HL) and the ordinary F luminescence (0L).[1,2] Although the
RSE has been studied theoretically and experimentally, it wvas
treated vithin a limited spectral region and/or vithin a
lovest order approximation.[3-8] We have measured the RSE over
the whole spectral region [9], and tried to wunderstand the
vhole optical process in a unified framevork.[10,11] Ve des-
cribed the whole optical process in terms of a semi-classical
model based on the Franck-Condon principle. Ve demonstrated
that (1) the Franck-Condon principle is applicable to describe
the optical process from unthermalized dynamical state (2) the
large lattice relaxation can basically be expressed by an
exponential type unharmonic adiabatic potential vhich is taken

from the Born-Mayer potential, (3) a transition between 2s and

2p state occurs during the dynamical relaxation. From these
results, ve suggested that the higher order effect such as
quadratic electron-lattice interaction and unharmonic lattice
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force should be included in the explanation of the optically
excited F center.

In the present vork, in order to to check the validity of
the model discussed above, ve measured the dependence of RSE on
the resonant light frequency of n1. The results are susmarized
as IH dependence of (a) the line shape of the HL and OL, (b)
relative intensity of the HL to the OL, (c) the linear polari-
zation of both RRS and HL, (d) the effective lattice
temperature vhich is obtained from the intensity ratio betveen
the anti-Stokes and Stokes components and (e)the averaged fre-
quency of coupled lattice vibration. Ve analyzed these results
by adopting the model mentioned above within a lovest order
approximation in vhich a linear electron-lattice interaction in
a harmonic potential is solely taken into account. The result
calculated is not sufficient to fit wvhole data. This may be
related to the neglect of higher order terms in the analysis.

In the conference, ve vwill shov more details on this topics.
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EFFECT OF IONIZING RADIATIONS ON Cstnr3CRYSTALS.

C. Andraud, F. Pellé, O. Pilla (+), J.P. Denis
and B. Blanzat

C.N.R.S - ER211, Place A, Brland 92190 Meudon
Bellevue FRANCE

(+) permanent address : dipartimento di Fisica,

Universita di Trento, 38050 POVO (TRENTO) ITALY.

Recently optical properties of pure CstBr3
crystals have been studied (1,2,3). These consist in
three emission bands A,B and C ; at low temperature,
the A and B emission peak at 3.3 and 1.9 eV
respectively and the C emission is structured in two
bands at 1,8 and 1.6 eV. A and B have the same
excitation spectrum, which is constituted of two sharp
components at 3.91 and 3.97 eV ; the excitation
spectrum of C is a large band at 5 eV. These feactures
have been tentatively attributed to the presence of
Br," molecules located on stackirg faults of the
uniaxial structure of CstBrS crystals. These have an
hexagonal structure (space group Py / mmc), where
(caBr, )"
infinite chains parallel to the C axis; cst ions occupy
positions between these chains (4). As regards the
2ffect of doping by Pb'* or sn'' ions which increases

octahedra are connected by faces forming

the concentration of Br;' centers due to the formation
of cubic microdomains of CstBrs or CsSnBr‘, these
centers have been supposed to be located in shifted
chains (1),

This paper concerns the co~firmation of the
origin of these bands using ionizing radiation by
anology with the study of the luminescence of self-
trapped excitons in alkali halides crystals.
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Two types of experiments are performed.
Firstly, the intrinsic luminescence of crystals which
is the recombination luminescence of electrons with V.
centers 1is studied under X rays or electron beam
excitation. This is mainly constituted of a band at 1.9
eV, which corresponds exactly to the energy of the B
emission, confirming the attribution of the latter to

Br/" centers.
Secondly, the behaviour of the intensity of the A

emission and of its excitation doublet is discussed
after X rays irradiation and then after thermal
annealing of crystals at 300 K. The intensity of these
bands decreases after X rays irradiation and then
recovers its initial value after annealing of crystals.
Assuming the presence of Br:' pseudomolecules, this is
ascribed to the substitution of these centers by v, and
then to the recombination of electrons with them.
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SPECTROSCOPIC PROPERTIES OF EXCHANGE COUPLED PAIRS
OF Cr ' IN THE UNIDIMENSIONAL CRYSTAL CsCdBr,

F. PELLé, J.P. DENIS O. PILLA (*) and B. BLANZAT
CNRS ER 211 1 place A. Briand
92190 Meudon Bellevue FRANCE
(*) dipartimento di fisicd, Universita di Trento
38050 POVO, (TRENTO) ITALY

CsCdBr; belongs to the large family of the AMX,
compounds which adopt the hexagonal CsNiCl, structure
(space group Dg-P63/mmc). This consists in infinite
linear chains of (MX} ) octahedra sharing opposite
faces where the M?' ions occupy a nearly cubic site,
and the Cs ions are in positions between the chains
assuring the electric charge compensation.

These systems, when doped with trivalent
impurities, show a very peculiar characteristic. 1In
fact, even at very low concentrations the impurities
enter almost exclusively in pairs to form coupled pair-
vacancy systems (M®" -vacancy-M?") as shown by EPR
measurements (1). These pairs are not interacting, at
least in the 1low concentration 1limit, and it is
possible to study their spectroscopic properties
without a superposition of the isolated ions
contribution (as in the case of ruby f.i.,) and of other
effects arising from interactions with neighboring
pairs like in Cs,CryClg (2),

In this paper we report the study of the optical
properties (absorption, emission, 1lifetimes) of the
exchange coupled pair Cr3' -vac-Cr®' in the diamagnetic
host crystal CsCdBry.

The 1low temperature ground - state absorption
spectrum of the pairs consists mainly in two broad
featurless bands centered at 12150 and 16700 cm™ . Much
weaker sharp structures are observed in the energy
ranges 13900-14925 cm™ and 18500-20000 cm™*. These
features have been assigned in order of increasing
energy to the transitions from the “A,x*“A, ground state
to the “A,x“T,, “A,x?E +“A,x*T, ,“A,x%T,, and 9%A,x*T,
excited states of the pair respectively. Since the pair
axis coincides with the «crystallographic ¢ axis,
polarized absorption spectra have been taken and the
splitting of the two broad spin-allowed bands has been
related to a slight trigonal distortion of the (CrBrZ')
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octahedra. The study of the sharp features allows an
estimate of the exchange parameters both in the ground
and in the excited states.

In the low crystalline field systems, such as
CstBr;:Cr", the luminescence arises from the
“A,x“T, — “A,x%A, transition. Usually it consists in a
broad band with a lifetime in the microseconds range,
and, depending on the strength of the electron-phonon
coupling, zero-phrnon lines and vibronic replicas could
be detected. The emission spectrum of this compound
consists 1in a broad and unstructured band peaked at
10000 cm™ which could be due to the %A, x“T, —"“A,xA,
transition ; lifetime and intensity of this band have
been recorded from 10K up to room temperature ; the
decay which 1is in the microseconds range, in non
exponential, and the emission, not detectable at room
temperature has a maximum at about 140K and decreases
to 2/3 of the maximum intensity at 10K. A definite
assignment of this emission to the “A,x9T, —“A;x“A,
transition is not possible on the light of existing
experimental data, nevertheless it seems to be related
to the chromium pairs. Experiments are in progress to
understand the origin of this luminescence.

References
1 - G.L. Mc PHERSON and L.M. HENLING, Phys. Rev. B16,
1889, (1977)
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HIGI PRESSURE AND LOW TEMPERATURE PHOTOLUMINESCENCE
oF cr®¥ IN NagIngLizF, .

D. de Viry, F. Pellé, N. Tercier,
J.P. Denis and B. Blanzat,
L.P.C.H. (C.N.R.S.,E.R.211)

1 place A. Briand 92190 Meudon.

The fluorescence behaviour of et in the fluoride
garnet NazIngLizFy, under high pressure (0-65 kbar) and
low temperature (25 K) will be presented .

In this study the crystal field could be varied
applying high pressure, from the low field case where
the emission is purelyq Tg ,to the intermediate field
case where the HTZ and 2E levels are close together,
leading to the observation of the crossing.The
knowledge of the fine structure of both levels will
allow the determination of spin orbit coupling and
distortion of the Chromium sites. Relative population
of the two levels will be discussed, altogether with
the emission lifetime wvariation.Contrarily to the
previous measurements at ambient temperature (1) , the
lifetime decreases under pressure when the emission is
purely QTZ, and begins to increase exponentially before
the crossing with the 2i  level. Comparisons with

similar compounds will be made (2).

(1) D. de Viry, J.P. Denis, N, Tercier
and B. Blanzat, Sol. State Com.,63,1183-88, (1987)
(2) J.F. Dolan, L.A. Kappers, and R.H. Bartram,

Phys. Rev. B, 33, 7339-41, (1986).
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Figure 1: Photoluminescence spectrum of Cr3+ in
. u i’ .
NagIngLigFig at 25 K: a) "T, Ay emission at ambient

pressure, b} 2p —(‘I\zemisslon at 65 Kbar.

4T2 1=2 5K P=1bar
lau]
2) . N — .
700 710 720 nm
Lay | 2E  Tz25K  P=65K bar
b) 1 1 1 —
660 670 680 nm
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ZERO-PHONON LINE AND PHONON-SIDEBAND OF Sm2+—DOPED CaF2
MIXING EFFECT OF THE f6 AND de ELECTRON CONFIGURATIONS

T. Tsuboi
Physics Department, Kyoto Sangyo University, Kamigamo, Kyoto 603,

Japan.

The electronic-vibrational bands appearing in the absorption or lumine-

scence spectra due to impurity centers give a rich information about the

dynamical properties of crystal lattice. The phcnon-sideband appears at

the high energy side (6900-6600 A region) of a sharp line at 6901 A in
2+

the absorption spectrum of Can:Sm [(1]. Although the optical proper-

ties of Sm2+ center in various alkali-earth halide crystals, which exhi-
bit a sharp line accompanied by a broad and structured sideband, have
been investigated by many workers, the origin of the structure has not
been clarified yet. We have measured the absorption, magnetic circular
dichroism, luminescence and Raman spectra of CaF,:5m * crystal to esta-
'

blish the structure assignment.

The peak-position, half-width and intensity of the 6901 A sharp line

. now the same temperature dependence as the zero-phonon line (2] observ-
+ . . . R

ed in Sm2 -doped alkali halide crystals. Therefore, taking into account

: 5 2+ .
the energy level calculation of the 4f 5d state of sz+ in CaF the

2 r
sharp line is attributable to the zero-phonon line associated with the
electric dipole allowed transition from the 7Fo(4f6) state to the J=2

state of the 4fs(6H)Sd(eg) configuration,

From the vibrational spectrum, density of phonon state and Raman spectrum,
the fine structure accompanied by the 6901 A Zzero-phonon line appears to

be associated with the vibrational modes of bulk crystal lattice.

. . -1, . .
A prominant interval of about 377 cm is observed in the phonon-sideband.

It is assigned that the low energy vibrational structure is accompanied
1

by the zero-phonon line due to the f6—* de electric dipole allowed inter-~

K] 1




configurational transition, whereas the high-energy vibrational structure
is accompanied by the 7F°(f6r—"551(f6) magnetic dipole allowed intra-

configurational transition. Unlike the cases of other sz*-doped alkali
halide crystals, the mixing effect between the f6 and de configurations
is observed in the sideband structure since the 5D1 energy level of f6

configuration is located near and above the J=2 level of de configura-

tion.

{1] T. Tsuboi, J. Phys. C 14(1981)4727.
2} G. Baldini and M. Guzzi, phys. stat. sol. 30(1968)601.
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LUMINESCENCE OF F AND F+ CENTERS IN MAGNESIUM OXIDE

G. P. Williams, Jr., G. H. Rosenblatt, and R. T. Williams
Department of Physics, Wake Forest University
Winston-Salem, NC 27109 USA

Y. Chen
Solid State Division, Oak Ridge National Laboratory
Oak Ridge, TN 37831 USA

We have studied F and F+ luminescence in Mg0 excited at 248 nm by KrF
excimer laser pulses and cw excitation. Figure 1 shows the evolution of F
(530 nm) and F+ (390 nm) emission bands in a thermochemically-reduced
crystal recorded over 8 decades of time and intensity. From analysis of
these and other data, we conclude that both F and F+ centers ionize by
electron release following 248-nm excitation at room temperature and above.
While this is expected for F centers, it makes the rather surprising state-
ment that the F' excited state is also near the conduction band edge. We
discuss the probable role of the F++ charge state in the luminescence of
F+ centers and in apparent hole release upon excitation in the F/F+

absorption bands.

The dependence of luminescence spectra and efficiency upon excitation
power density has been measured from 1.18 milliwatts/cm2 up to 38 mega-
watts/cmz. Results are shown in Fig. 2 for the same thermochemically
reduced crystal whose time dependence is shown in Fig. 1. Higher pumping
power shifts the luminescence toward F luminescence rather than F+. This
is true in all thermochemically reduced crystals studied. The simplest
expectation would have been that harder pumping should ionize more F
centers to the F+ charge state. We will show that the observed behavior
is consistent with our hypothesis of the complete F/F+/F++ pumping cycle.
Results for different H concentrations and for neutron-irradiated crys-
tals are compared. We believe a rather detailed description of F and F+
luminescence can now be constructed.

Acknowledgment: This work was supported by DARPA under Inter Agency

Agreement 40-1611-85 with Martin Marietta Energy Systems, Inc., contract
DE-AC05-804R-21400 with the U.S. Department of Energy.
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Fig. 1. Luminescence spectra in thermo-
chemically reduced Mg0 at various delays
after 248-nm excitation at 293 K. Delay
times and peak intensities (normalized
to the 100 ns spectrum) are shown at

the lower right of each spectrum.
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Fig. 2. Luminescence spectra for
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TH - P13

STOKES AND ANTI-STOKES RESONANT RAMAN SCATTERING
OF Fy(CN™) DEFECTS IN CsBr

G. Cachei, H. Stolz, W. von der Osten and F. Lity*

Fachbereich Physik, Universitdt-GH, 4790 Paderborn, FRG
*Physics Department, University of Utah, Salt Lake City, UT 84112, USA

defect in the body~centered cubic cesium halides consists
Due to the

The Fy(CNT)

F center-CN™ molecule pair along a <100> crystal axis.

the attached CN™ splits the F absorption

of an
interaction with the F center,

Fy(l) and Fy(2), polarized predominantly

into two separate transitions,

parallel and perpendicular to the pair axis.
absorption, strong coupling of the excited F center to the

Besides this interaction in

the electronic
molecule has been observed [1]. It leads to efficient electron~vibrational

energy transfer that so far was investigated by infrared vibrational

emission [21] and pulsed anti-Stokes resonant Raman scattering [31].

To study this highly interesting phenomena in greater detail, we have

performed high resolution cw resonant Raman measurements of this defect in

CsBr. Excitation in either absorption band at low temperature gives rise

to a series of up to seven narrow and strongly polarized Raman lines

that occur in both the anti-Stokes

(Fig. 1) and Stokes spectrum. The nearly
equally spaced lines correspond

Fy (2) excitation
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to Av = tl transitions between the vibrational states of the CN~
stretching mode slightly shifted by anharmonicity. The spectra dramati-
cally demonstrate that excited vibrational states participate in the
energy transfer process. Due tc the long lifetime of the order of
milliseconds of these states substantial population is accumulated during

the much more rapid electronic relaxation.

We have measured the spectra for various excitation photon energies as
function of sample temperature and laser power. Lifetime reduction at
higher temperatures causes the observed relative increase in population of
lower vibrational states. Low excitation powers in the milliwatt range
reveal a quadratic dependence of scattered intensity as expected from the
two-step nature of the process involving population of states and scat-
tering from these. Deviations from this dependence at high powers (up to
300 mW) are attributed to sample heating and concomitant reduction in
vibrational lifetime. Under all excitation conditions the population of
excited vibrational states is only a small fraction of the ground state
population. Opposite to the infrared vibrational emission, isolated CN~
give only negligible signals in the Raman spectra, since in comparison to

the F center-CN~ pair any resonance mechanism is lacking.

In addition to the prominent Raman series due to 12014N=, two weaker
sequences are observed associated with the isotopes 13¢léx- ang 12¢l5n-,
We also find coupling of several other modes to the Fy(CN™) center. One
of these appears in all anti-Stokes spectra as broader replicas to the
strongest CN~ Raman transitions shifted by about 16 meV to smaller Raman
energies (Fig. l). A strong peak of this energy due to CN~ emerges in the
low energetic Stokes Raman spectrum of the Fy(CN™) center (Fig. 2) and
most probably corresponds to the CN~ local mode. We suggest the replicas
are due to a two-phonon difference process in which the CN™ molecular
vibration couples to the local mode via the excited electronic state of

the defect. Further experiments with this defect center are under way.

£1] Y. Yang, W. von der Osten and F. Liity, Phys. Rev. 32, 2724 (1985)
[2] Y. Yang and F. Liity (this conference)
{3] K.T. Tsen, G. Halama, and F. Liity, Phys. Rev. B 36, 9247 (1987)

396




TH - P14

MECHANISM_FOR_THE PHOTOREFRACTIVE
EFFECT IN PLZT 9/65/35

J. P. Spoonhower, R. S. Eachus, and J. A. Agostinelli
Research Laboratories
Eastman Kodak Company
Rochester, NY 14650 USA

Photorefractivity has been observed in lead lanthanum zirconium titanpate (PLZT) 9/65/35
by the observation of photo- and field-induced optical transmission. We have found that,
in the presence of electric fields on the order of I V/micron, the photorefractive regions
are displaced from the irradiated regions by approximately one micron. We have iden-
tified the mobile charge carriers as positive holes; the carrier drift range was found to
be independent of the applied field.

Electron paramagnetic resonance studies of dark-adapted PLZT samples have identified iron
as an impurity in these materials. The iron impurity does not appear to trap electrons
or holes as a result of exposure to UV radiation between 10 and 300K. Ionization of
Pb?* is an important photochemical process in a range of PLZT compositions. Under the
same conditions, three structurally inequivalent Pb™" sites have been detected by EPR in
irradiated PLZT samples. In the two compositions 10/40/60 and 9/65/35, two of the
EPR-detected sites were dominant. The role of these impurity states in the photorefractive
mechanism will be discussed.
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TIME-RESOLVED SPECTROSCOPY OF BaFBr/Eu(2+)

J. P. Spoonhower and M. S. Burberry
Research Laboratories
Eastman Kodak Company
Rochester, NY 14650 USA

The time and wavelength dependence of the Eu(2+) 5d-4f emission in BaFBr was
measured over the extended temperature range 10-506 K. The excitation wavelength
was 355 nm. Analysis of the emission lineshape over the same temperature range was
also performed. At 10 K the measured emission lifetime is S00 * § nsec; at 506 K the
lifetime increases to 968 + 5 nsec. In our kinetic analysis (1), three parameters are re-
quired to fit the data (see figure): we determine the low-temperature lifetime limit, the
difference in energy for two relatively close-spaced excited state levels, and the degeneracy
ratio for the two levels. Our best fit to the data yields 508 t 7 nsec, 476 ¥ 8 cm-1,
and 3.5%1=g2/gl respectively, for these parameters. Two parameter fits to the data, of
the type already described in the literature (2), were quite unsuccessful in reproducing
the experimental temperature dependence, especially in the high temperature limit. These
differences will be discussed.

Corrected cw emission spectra show that the 5d-4f lineshape is asymmetric at low
temperatures. The spectral dependence of the emission lifetime, however, shows no such
asymmetry. These results must be reconciled with other studies (3) which show the
Eu(2+) ion substitutions for Ba(2+) in the lattice and the expected lack of charge com-
pensation for the Eu(2+) in this host. These effects are discussed within the context
of the dual excited state model cited above,

(1) PP. Feofilov and NM. Tolstoi, Opt. Spectry. 13, 164 (1962).
() JL. Sommerdijk, JMPJ. Verstegen, and A. Bril, J. Lumines, 8, 502 (1974).
(3) (a) LH. Brixner, JD. Bierlein, and V. Johnson, Current Topics in Materials Science

4, 47 (1980); (b) RS. Eachus, private communication; (c) D. Nicollin and H. Bill, J. Phys.
C: Solid State Phys. 11, 4803 (1978).
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RESONANT RAMAN SCATTERING OF THE F (Li*)
CENTER IN KBr
M. Leblans, W. Joosen, E. Goovaerts, and D. Schoemaker
Physics Department, University of Antwerp (UIA)
Universiteitsplein 1, B-2610 Wilrijk (Antwerp), Belgium

A polarized Raman study was performed of the F 4(Li*) center in KBr
under resonant excitation of its F 4; and F .3 absorption bands. A continuum of
defect induced lattice modes is observed in the Raman spectrum. The spectral
positions of the peaks at 97 cin™!, 107 em™!. and 119 cm~!(see Fig.1) are very
near to those of the sharp features in the F-center induced first order phonon
spectrum. Additional modes are observed at 28 cm™! and 225 cm ™!, The former
is an F 4(Li*)-induced breathing mode of the surrounding ions and does not exhibit
an isotope effect upon 7Lit to SLi* substitution.! The latter exhibits a normal
isotope shift and reflects the motion of the Li* ion along the (100) defect axis.!

The frequency dependence of the polarized Raman intensities is illus-
trated in Fig.1. Apart from the continuum of F 4(Li™)-induced phonon modes.
the depolarized Raman scattering (1. ;) is negligibly small. The F 4(Li*) modes
predominantly show up in the two other polarized Raman spectra. According to
the Behavior Type (BT) method. the observed F 4(Li*) modes all transform ac-
cording to the A, representation of Cg4,. There is no indication for an off-center
position of the Lit ion.? This is in agreement with previous experimental work on
the naked Lit center in KBr.3

Because of selective resonant enhancement (SRE) of particnlar com-
ponents of the Raman tensor, it is possible that the observed form of the Raman
tensor corresponds to a higher syinmetry than the actual defect symmetry, This
phenomenon was observed for the F 4(Lit) center in KCI under F 4, excitation.?
For F4(Li*) in KBr, it is reflected in the r/q ratio, which is nearer to zero for
excitation at 676 nm, i.e., for frequencies tuned in the F 4, transition. The non-
zero 1/q ratio illustrates the larger overlap of the F 4; and F 45 transitions and the
smaller effect of SRE of F 4(Li*) in KBr in comparison with F 4(Li*) in KCl. The
negative sign of r/q shows that the derived polarizabilities parallel and perpendic-
ular to the (100) defect axis are modulated the opposite way by the A; modes of
Fa(Li*), and, in particular, by the motion of the Li* ion along {100).* A more
profound analysis of the polarized Raman data can be performed by calculating
the population numbers of the F 4(Lit) centers among its six possible orientations
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for a particular excitation frequency: This allows one to further characterize the
F4(Lit) modes according to their anisotropy, i.e.. the ratio a/as of the Cy.:A,
Raman tensor.

1. A. Mabud and F. Liity, in Abstract Book of the International Conference on
Defects in Insulating Crystals, Salt Lake City 1984, p.301. (unpublished).

2. See, e.g., M. Leblans. W. Joosen, E. Goovaerts, and D. Schoemaker, Phys.
Rev.B 35. 2405 (1987).

3. R.J. Russell and F. Bridges, Phys. Rev.B 26, 3386 (1982); L.H. Greenc aud
A.J. Sievers. Phys. Rev.B 31, 3948 (1985).

4. M. Leblans, W. Joosen. E. Goovaerts, D. Schoemaker, A. Mabud, and F. Liity.
to be submitted to Phys. Rev.B.
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EQUILIBRIUM ORIENTATIONS OF DIATOMIC MOLECULAR
IMPURITIES IN CUBIC CRYSTALS DETERMINED BY
A POLARIZED RAMAN STUDY OF THE STRETCHING MODE

H. Fleurent, W. Joosen, and D. Schoemaker
Physics Department, University of Antwerp (U.I.A), B-2610 Wilrijk (Belgium)
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Polarized Raman measurements were perfortedd
on the \| stretching mode of static or reorienting diatomic
A Behavior Type
(BT) analysis' of the spectra vields the orientation(s) of the

molecular impurities in cubic crystals.

molecular axes. most commonly lying along either the (110;.
{111). or (100} directions. The symmetry is thus established
without applying any secondary flelds and without studying
the experimentally less accessible tunneling sidebands.” This
approach applies both to static and reorienting impuritios, as
the non-resonant Raman process probes the instantanecous
configuration of the orientational potential wells, in whicli
the high frequency stretching motion takes place. and not the
averaged cubic symmetry resulting from the low frequency
reorientational motion.

The correspondence between the polarized Ra-
man intensities and the actual defect symmetry can be ob-
scured, when the stretching vibration is strongly coupled to
the reorientational degrees of frecdom. or, when the aniso-
tropy of the derived polarizabhility is relatively small. Tu this
case very accurate measurements are necessary to perform
the BT analysis.

This new mothqd was tested on the stretching
mode of CN~ in KCl, yielding a C3, symunetry in agreement
with the Ty, character of the tunneling sidebands found

Fig. 1 Polarized Raman spectra of the stretching vibration of CN~ in KCL
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in earlier Raman studies.? For the first time the Cj;, symmetry of SH™ in KCl was
established. The polarized Raman data of NaCl:OH~ probably reflect a small tilting
of the OH™ axis with the {100) direction.®

In Fig. 1 the polarized Raman spectra for KCl:CN ™ are shown. including
a set of calibration measurements on the 460-cm ™! mode in liquid CCly as a reference
for the accuracy. The spectra are indicated by the conventional notation I, 3. In Table
I data are presented for CN~ and SH™ in KCl, and for OH™ in NaCl. The intensity
parameters (IP) s, r. and q employed there are defined according to Ref. 1 :

s = 8kNIy (T?, + T2, + T3;)
r=8kNIg (T T2 + T4\ Tz + T2T34)
q = 8kNIo (T, + T3, + Tj,)

in which k is an instruinental efficiency factor. N is proportional to the defect con-
centration and I is the intensity of the exciting light beam. T is the Raman tensor
of the studied vibrational mode. For a totally symmetric A; mode four different sets
of IP relations (BT) can be observed, allowing oue to identify the defect symmetry

{see Table 1),

Table I : Results of the Behavior Type (BT) analysis of the stretching mode for
CN7 and SH™ in KCl and OH™ in NaCl. The experimentally determined s/q
and r/q ratios yield the observed BT (numbered according to Ref. 1). and the

observed BT symr-etry (BTS). The latter is compared to the actual symmetry

(AS). as determined by other experimental techniques.

] s/q r/q BT | BTS AS
KCLCN™ 0.04 £ 0.01 0.98 £ 0.03 39 Cie Can
KCLSH™ 0.38 +£0.03 0.97 £ 0.07 39 Cae

NaCl:OH™ 0.06 £ 0.01 0.85 £ 0.04 60 Cin Cir. C”.A‘

L. LF. Zhou. E. Goovaerts. and D. Schoemaker. Pliys. Rev. B 29. 5509 (1984): E.
Goovaerts, J.F. Zhou. W. Joosen. and D. Sehoemaker, Cryst. Latt, Def. and
Amorph. Mat. 12. 317 (1985).

D. Durand and F. Liity. Phys. Stat. Sol. B 81. 443 (1977).

3. M.E Baur an.' W.R. Salzman, Phys. Rev. Lett. 18, 590 (1967 ).

o

404




TH - P18

PHOTOINDUCED REORIENTATION OF I, CENTRES IN ALKALI HALIDES

G. Baldacchini and E. Giovenale
ENEA, Dipartimento TIB, Divisione Fisica Applicata
Centro Ricerche Energia Frascati, C.P. 65, 00044 Frascati, Italy

I'. De Matteis, A. Scacco, and F. Somma
Dipartimento di Fisica, Universitd "La Sapienza”, P.le A. Moro 2, 00185 Roma, Italy

U.M. Grassano
Dipartimento di Fisica, Universitd di Roma - Tor Vergata
V. Orazio Raimondo, 00173 Roma, Italy

The F 4 centre in alkali halides is formed by an anion vacancy, trapping an elec-
tron, nearest neighbour to an impurity alkali ion, replacing a cation in the host crystal
lattice. Such axial center can lie, in the cubic symmetry, along three different directions
coincident with the ci 'stallographic axes. The isotropic distribution of the F 4 centres
in a crystal can be mod fled by the absorption of monochromatic polarized light: opti-
cal pumping into one of the two F 4 absorption bands induces electronic transitions to
excited states, and during the subsequent relaxation the centres can change their orien-
tation because of the vacancy mobility around the impurity ion. Such a reorientation,
ceusing anisotropy in the optical properties of the crystal, depends upon the wavelength
of the irradiating light and on the configuration of the dipoles in the lattice. In case
of monovalent small impurity ions in erystals with sufficiently large lattice parameter,
the usual substitutional position is not the equilibrium position and an off-centre con-
figuration is energetically favoured [1]. As a consequence, the F 4 dipole in the above
crystals is not lying along the crystal axis, but it forms with it an off-axis angle (2]. For
this reason, a detailed investigation on the reorientation process of the F 4 centres can
supply information on their configuration. Moreover, the dependence of the reorienta-
tion on the wavelength of the exciting light can be used to determine the overlap of the
F 4 absorption bands and consequently their lineshapes.

We have studied the photoinduced reorientation of the F 4(I) centres in KCl:Na™
and of the F 4(1I) centres in KCL:Li* and in RbCL:Lit. In the Figure below we report a
typical measurements of F 4(1I) centres in RbCL:Li* along with the experimental set-up
The emission intensity is measured versus the angle, £, between one of the [100] crystal
axes and the polarization of the exciting light (A = 6328 A) at 2 K.

The comparison of the experimental results with a theoretical model, taking into
account the overlap of the absorption bands for both F 4(I) and F 4(II) centres, and the
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off-axis configuration for F 4(II) centres, leads to a quantitative determination of the
off-axis angle of the F 4 dipoles in KCL:Li* and RbCL:Li*, and to a calculation of the
lineshape of the F 4 bands. As far as the off-axis angle 8 is concerned, we have obtained
6 = 5° for KCl:Li* and § = 7° for RbCL:Li+. This study demonstrates that a larger off-
centre ionic configuration induces a larger off-axis deviation of the dipoles, and besides
that the lineshape of F 4 absorption bands is much more close to a Lorentzian curve in
the tails than to a Gaussian one or a Poissonian one, as it is in the case of F centres [3].

References

1. A.M. Stoneham, Theory of Defects in Solids (Clarendon, Oxford, 1975) Chap. 21.
2. F. Rosenberger and F. Liity, Solid State Commun. 7, 983 (1969).
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SUBBAND GAP EXCITATION SPECTRA OF SILVER HALIDES

Alfred Marchetti & Mitchell Burberry
Eastman Kodak Company,
Rochester, NY 14650

Investigations of AgCl, AgBr and AgBr; I (x = 0.01 to 025) have shown that the
optical emission bands that peak at 500, 580 and 540 nm, respectively, can be
characterized as donor-acceptor pair recombination.!3. The emission from AgBr g1 454
exhibits the characteristic hyperbolic time decay of donor-acceptor systems as well as a
red shift of the emision peak with delay after pulsed excitation.? AgCl and AgBr exhibit

the characteristic donor-acceptor emission decay.1

Th. optically detected magnetic resonance (ODMR) spectra of all three materials have spin
1/2 resonances which have been interpreted as shallowly (donor) trapped electrons and
(acceptor) trapped txoles.2’4'6 The ODMR spectrum of AgCl also contained resonances due

to self-trapped excitons.s

The optical emission data, the bandgap energy (Eg), and other data have been used to
estimate the upper limits for the donor and acceptor trap depth.1'3'6'7 The existence of
these levels within the bandgap suggests that there should be weak subband gap
transitions between the donor and acceptor levels and with these levels and the valence

and conductirn band as observed in other se::nieondm:ut_m.s'9

Three possible transitions
might be observed: wvalence band to donor, acceptor to conduction band and acceptor to
donor. These transitions would be band to trap, trap to band, and trap to trap
respectively. These transitions may be broadened from a distribution of trap depths and

from interactions (ie, Coulomb).
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Subband gap excitation spectra have been obtained on AgCl, AgBr and divalent cation
doped AgCl and AgBr. Doped AgBr has absorptions near the band edge which are
dependent on the monitoring wavelength. These transitions are tentatively interpreted
as valence band to donor and acceptor to conduction band transitions. AgBr also has a
weak transition in the 530 nm region which is dependent on monitoring wavelength
This may be an acceptor to donor tramsition. Some AgBr; 1. samples have a very
broad absorption extending from the band edge which is also dependent on monitoring
wavelength. This broad transition is thought to reflect local variations in the valence

band or acceptor energies due to the inhomogeneous distribution of iodide.

1. M. S. Burberry and A. P. Marchetti, Phys. Rev. B, 32 1192 (1985).
. A. P. Marchetti and M. S. Burberry, Phys. Rev. B, 28 2130 (1983).
. A. P. Marchetti and M. S. Burberry, Phys. Rev. B, accepted for publication (1988)

A. P. Marchetti and D. S. Tinti, Phys. Rev. B, 24 7361 (1981).

3 E&. P. Marchetti and M. S. Burberry, Cryst. Lattice Defects Amorph. Mat, 12 329
1985).

7. R. C. Brandt and F. C. Brown, Phys. Rev,, 181 1241 (1969).
8. H. Venghaus, J. Phys. C: Solid State Phys, 17 6229 (1984).
9. S. Nakashima, T. Hattori, and Y. Yamaguchi, Solid State Comm. 25 137 (1978).

2
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4. A. P. Marchetti, J. Phys. C. Solid State Phys, 14 961 (1981).
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OFF-CENTER DIRECTION OF Cu* ION IN NaBr

Shuichi EMURA, Takatoshi MURATAY, Hironobu MAEDA**, Hiroyuki ITO
and Masakazu ISHIGURO***

The Institute of Scientific and Industrial Research,
Osaka University, Ibaraki, Osaka 567, JAPAN
*Department of Physics, Kyoto University of Education,
. Fushimiku, Kyoto 612, JAPAN
Department of Chemistry, Faculty of Science,
Okayama University, Tsushimanaka, Okayama 700, JAPAN

**'Department of Electronics, Kanazawa Institute of Technology,
Nonoichi, Kanazawa 921, JAPAN

At the last conference on defects in insulating crystals held at Salt
Lake City, U.S.A., we presented the off-center distance of NaBr:Cut sys-
tem. {1l] The off-center distance is one of the important three parameters
identifying the off-center circumstances. The rest parameters, i.e. the
off-center direction and the energy depth of the off-center potential,
have not developed yet. Then, we will discuss <1105
the off-center direction with the assistance
of the recent experimental technique, EXAFS
(Extended X-ray Absorption Fine Structure}.

EXAFS measurements on Cu K-edge in a
flourescence mode were made at EXAFS station
installed at a Blanch BL-7C at Photon Factory
in KEK, using a flourescence detector devel-
oped by Lytle et al..[2] The spectra were
observed at 50 K and room temperature.

The off-center distance was evaluated to
be 0.55 & in Ref. [1]. The value of 0.55 A
shows the good agreement with the theoretical
predict of 0.53 by Nagasaka.[3] Figures b)
1(a) and 1(b) show the cross-sectional view

<001>

<t

around Cut defect ion in (100) plane and (110) ¢
plane, respectively, where Cu' ion is illus-

trated with the off-center displacement of

0.55 & along <100> axis and <110> axis in 1(a)

and <111> axis in 1(b). The framework built hiligs

with Br~ and Nat ions is illustrated to be
rigid.

In the cases of three off-center direc-
tions with the off-center displacement of
0.55 A apart from lattice site, the nearest Figure
neighbor distances are summarized in Table 1.
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EXAFS experiment [4] gives for the dilute Table I The nearest neighbor

limit in zinc blend structure that the bond distances and coordinatc numbers.
length deviation in the solute is only quarter of °

the difference between that of the compounds con- Cu-Br (A) C.N.
stituting the solid solution and in rock salt 2.44 1
structure it is only half. The difference of the (00> | 3.04 4
bond length between Cu-Br (2.464 R) in CuBr and 3.54 )
Na-Br (2.99 R) in NaBr is 0.53 . 1If one follows

above criterion, the Cu-Br distance in NaBr in 2.63 2
the dilute solution will take 2.60 & or 2.73 A <110> | 3.04 2
which is close to Cu-Br distgnce on the off- 3.40 2
center displacement of 0.55 A along <110> axis or 2.7 3
<lll>axis. <111> 3.33 3

In Fig. 2 is shown the sgectra of magnitude of Fourier transform of
the EXAFS at 50 K for NaBr:Cu sample. The correction for a phase shift
is not made. The best fit values of the first and the second shell dis-
tances obtained from inverse Fourier transformed EXAFS spectra are 2.54
+ 0.02 & and 3.51 * 0.02 &, respectively. The distance of 2.54 A is com-
pared to the case of the off-center direction along <110> axis. However,
the simulation fitting is favorable to the off-center direction along
<111> axis. The <100> axis for the off-center direction is surely
rejected.

Non-negligible discrepancy between the value obtained from the change
of the oscillator strength by hydrostatic pressure [1] and that from EXAFS
is attributed to the deformation of Br~ ligands. The deformation of even
symmetry of Br~ ligands does not reflect the change of the oscillator
strength.

References

ot
J

[1] S.Emura and M.Ishiguro; Inter-
national Conference on Defects
in Insulating Crystals, salt
Lake City, U.S.A. (1984) plaz.

[2] F.W.Lytle, R.B.Geogor, D.R.
Sandstorm, E.C.Marques, J.Wong,
C.L.Spiro, G.P.Huffman, and
F.E.Huggis; Nucl. Instr. Meth.
Egg (1984) 542.

[3) S.Nagasaka:; J.Phys.Soc.Jpn.,
52 (1982) 898.

oy P P e e 2 [4] T.Murata, S.Emura, H.Ito, a?d

%}/smucs P H.Maeda; Photon Factory activ-
ity Report #5 (1987).

0.11
i i

-0.08
i

INtPSI(RY) AND RBS(PSI(R})
0.03
1

.13

|

Figure 2

410




TH - P21

Ni* CENTERS IN RbCeF3: A PARAMAGNETIC PROBE FOR STUDYING THE
195 K STRUCTURAL PHASE TRANSITION

R. Alceld, E. Zorite and P.J. Alonso

Instituto de Ciencia de Materiales de Aregén (U. Zeragozae-C.S.1.C.)
Fac. Ciencias. Pza. S. Francisco s/n. 50009 Zaragoza. SPAIN

Ni* centers can be easily produced in nicksl doped ionic
tluoride crystals by X-irradiation. So, several Ni* centers with
tetragonal or near tetragongl symmetry haye been recently reported in
the literature and both, |z¢é > and |x2-y5' orbitals bave been found
as the ground state. Recently we have reported ean EPR study on
tetragonal Ni* centers found in KigF; (1) and x,1gF (2) crystals. In
both cases three differgnt t.atraqu ¥i' centers bave been found. all
of them with the |x4- ground state. The models proposed for these
defects are the same for Doth compounds. In one of them, the Ni* ion
is in the center of one slongeted octahedron of fluorines (Ni*-I),
vhile in the other two the monovalent nickel has one (Ni*-II) and two
(Ni’g{l) fluorine vacancies placed along the four-fold axis of the
crystal.

In this communication we present an extension of these EPR
studies to X-irradiated RbCaF; :Ni. The samples have been kindly
provided by Prof. Dr. J.M. Spaeth (Gesamthochschule Paderborn, FRG).
RbCal, underqgsa tvo phase structural phase transitions et about 195 X
and 60 X . The high temperaturs structure is the cubic perovakite
(space group Ol). The 195 X transition consists of a tilting of the
fluorine octahedral around one cubic <100> axis and elongation of
the unit cell along the rotation axis (space group ). In the 60 X
trmitﬁn the rotation takes place around the <11(> &bic axis (space

).

group D

Three types of Ni* centers similar to those found in DigF, and
Kolgl, have been created in RbCel, by X-irrediation. The EPR ctra
o? an irrediated sample have besn measured at different temperatures
between 30 X and 230 K. At 230 X the EPR spectrum only shows Ni*-II
and Ni*-III »signals. Both correspond to Ni* ions in an tetragomal
environment. The spin-Hamiltonian pareameters for these centers are
given in table I. Unfortunately the Ni*-III signal is too week and we
can not mede a full emalysis of it. When the sample is cold down to
77 X the Ni*-II spectra changes and splits in a tetragomal and an
orthorhombic sigmal, corresponding to defects whose z-axis is parallel
or perpendicular to the c-axis of the tetragonal crystal. 4 stuly of
these EPR signals in e monodomain sample let us obtain the
spin-Hamiltonian parameters for both ¢ypes of Ni*-II defects (see
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table I). Belov 65 X another Ni* signal is observed (Ni*-I). Thie is
the only one that appears in 77 X X-irradiated semples. Ni*-I center
signal shows a superhyperfine structure that correspopds to en
interaction with six fluorines in an elongated octahedron, resulting
that the four-fold azxis of this distorted octahedron is elong the
c-axis of the tetragonal RbCeF; crystal. The superhyperfine constanta
for the basal fluorines (A, and A,) and for the apical omes (A', and
A,) are also given in table I.

TABLE I. Yalues of the spin-Baailtonian parameters of
the different Ni* centers in RbCaF;.SHF values in MHz.

Center T(X) gx Oy gz A, A, A, A
1 30 2.133 2.778 203 88 26 37
11 230 2.116 2.688 221 90 -~ ==
II (tetra) 77 2.114 2.663 233 94 o= -
II (orth) M 2.411 2.121 2.672 232 93 - =
11X m - -- 2.651 - 98 -  a-

The Ni*-II signal has been used to monitor the 196 X phase
transition. The tilt of the g-temsor (¢) bhas Dbeen nmeasured at
temperstures near the phese trensition and it has been found that the
evolution of ¢ can be fitted to the power lav & = &, (T-T, )” with
To = 202 X and A = .26, A discontinuity of 0.7 is obtained at Tc
corresponding to the first oder coaponent of the phase transition.
Although the aebsolute values of the rotation angle & are smaller than
the intrisic one the critical exponent 0 we have obtained agress quite
well with the one nugured by other thecniques, for 1%A)tance, neutron
diffraction 8 = .25 (4) and X-ray driftaction 8 = .27 (°),

(1) E. 2Zorita, P.J. Alonso and R. Alcald, Phys.Rev.B35.3116 (1987)

(2) R. Alcala, E. Zorita and P.J. Alonso, J.Phys.(C21,461 (1968)

(3) C. Ridou, . Rousseau end J. Bouillot. Ferroelectric 36,463 (1981)
{(4) J. Jex, J. Haetz and M. Muellner. Phys.Rev.B21.1209 (1980)

(6) J. Maetz, M. Muellner and J. Jex. phys.stat.sol. (a)BQ.K117 (1978)
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INFLUENCE OF Mn2* INPURITIES ON HYDROLYSIS PROCESSES
INDUCED IN Srf, BY HIGH TENPERATURE ANNEALING

P. J. Alonso, J.1. Pefis and R. Alcald

Instituto de Ciencia de Materisles de Aragén (U. Zaregoza-C.S.1.C.)
Fac. Ciencias. Pza. S. Francisco 8/n. 50009 Zeragoze. SPAIN

It is Xkown that hydroxyl aend oxygen impurities are
incorporated into fluorite type fluoride crystals by annealing above
7002C in & moist atmosphere ). OF ions ocuppy an enion site and
substitutional 0%~ ions _are compesated by fluorine wvacancies (r*
centers). Both, OH" and 0% . are incorporated as & consequence of an
hydrolysis process. The hydroxyl ions, formed in the surface after
reaction vith the aurr unding water. migrate into the crystal end can
decompose giving out 0~ -F* pairs and HF molecules. The eq'l& ibrium
of this reaction explain the presence of both types of species

Doping with rare earth (RE) modify this behevicur, and then,
only oxygen impurities are incorporated into the lattice. RE anter as
trivalent and charge compensation is provided by interstitial fluorine
ions (F7). The reaction of bulk OH  with these F; gives out HF
molecules and 02" substitutio?g} ions. This axplaina the lack of
hydroxyl ions in doped crystals

To our knovledge there is little information about the role
of 3d impurities in these hydrolysis processes in fluorite type
fluorides. 3d impurities ussually enter these lattices in a divelent
charge state and ocuppy & substitutiomsl site without any charge
compensator.

Keeping in mind these ideas we have undertaken a study on the
nodification of _some spectroscopic properties (EPR end optical
absorption) of M+ doped St!' single crystals efter annesaling above
70 C in oev ral mois m}tnos eres. langenese enters SrF, lattice as
Mné* in a * site (Mnf*-I). This center is responsible for an EP§
signal but 1t does not give any optical absoprtion between §0,000 ca”
end 1,000 ca~!. Annealing doped sample above 7002C in & dry atmosphere
does not induce neither newv EPR lines nor any nev absorptions but a
small decreases (~10-30 ) of *.1 signal is observed when the
annealings are done above B00eC.

Annealings in a moist atmosphere at temperatures betwveen

7008C and 9009C induce chenges in the EPR as well ea» in the optical
absorption spectra. A strong decreass (at least by a factor 100) of
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the Mné*-I signal is cbserved and four different Mn2* paramagnetic
defects have been detected which relative intensities depend on the
annealing temperature. One of thea can not be iso]sated and another one
coincides with that reported by Alonso and Alcalal

The third signal that appears after treatment at 9002C results
to be m?ot&o?ic. A comparison with that found powdered Sr0 doped
with ¢+ indicates that it correspond to * impurities in Sr0
clusters diluted in the Sr¥, lattice.

The last center (hereafter Mn2*-V) is mainly formed by
annealing at 8002C and results to be tetragomal. Its EPR spectrum can
be discribed using the corresponing spin-Hamiltoni vith the
tolloviéq values for 1t9 paremsters: g = 2.000+.006, = 10,990+20

= 24+2 MHz, b4 = -309+2MfHz, and with an axfal hyperfine
Interechion gieing by f,= -19%:3 MHz amd A, = -163s3 MHz No
superhyperfine structure structure "is observed in any of its lines,

Besides that an strong increase (stronger than that observed
in pure SrF crystals) of the optical absorption at wavelengths shorter
than 500 rk i ?Egerved This is associated with the presence of
oxygen upurit es On the other hand the free OH™ stretching mode
band (3635 ca™*) together with & broad bend at lower energies (peaked
at about 34650 ca 1) grov. This broad band is as ,Sciat.ed with perturbed
hydroxyl ions eand can be correlated with the Mn“*-¥ EPR signal. This,
together with an analysis of the spin-Hamiltonian pareameters within
the freme of the Nenznn superposition model let us propose as a model
for this defect (Mn<*-V¥) e * jon in the center of a oxygen
tetrahedron distorted by two neighbour OH™ ions.

(1) 3.1.Pefla, P.J.Alonso and R.Alcald. J. Phys. Chea. 30l.(in press)
(2) C.R.A C‘tlw J. Phys. Chea. Sol 38. 1131 (1977)
(3) P.J.Alonso and R. Alcalé. phys. atat. sol.(b) 128,X163 (1985)
{(4) J.Rubio, E.Muflioz, J.Boldd, Y.Chen and M.M. Abrahan. J.Chea.
Phys. 70.633 (1979)
(5) %9:&1:&;;}9)!!&“0 H.Sumita and E Higuchi. J.Phys.Chem.Sol. 40.

414




TH - P23

ZEEMAN EFFECT AND MAGNETIC CIRCULAR DICHROISM OF ANISOTROPIC
CENTRES IN CUBIC CRYSTALS

W.A. Runciman and N.B. Manson

Laser Physics Centre, Research School of Physical Sciences,
The Australian National University, G.P.O. Box 4, Canberra, A.C.T. 2601, Australia

Although there have been extensive reviews of the Zeeman effect in cubic crystals!?

the emphasis has been on presenting results for linear polarization?. Treatments of
magneto-optics including magnetic circular dichroism (MCD)** do not consider the cases of
anisotropic centres in cubic crystals in detail. Calculations have been made of the Zeeman
effect for circular polarization for A — E transitions in trigonal (C,y) and tetragonal (C,y)
centres in crystals of cubic symmetry following the procedures used® in a study of the
fluorescence of US* in calcium fluoride. These are the symmetries which occur when a
trivalent rare earth ion incorporated into calcium fluoride at a calcium site is charge
compensated by an 0% ion at a fluorine site and by an interstitial F- ion respectively. In both
cases g, =0. The consequences of g, being zero are that it is only the component of the field
along the centre axis which splits the levels and the eigenstates are not changed by the field
direction.

The MCD can be readily calculated from the Zeeman pattern for circular polarization.

For an A — T, electric dipole transition at a centre of cubic symmetry’, the MCD is
expressed by

(AA),
———-=2gBH. m

0

AA is the difference in optical absorption coefficients of left- and right-circular polarization,
(AA), is the first moment of the MCD spectrum and (A), is the zeroth moment of the
absorption. Formula (1) also applies for an A — E transition in a trigonal or tetragonal
centre with the magnetic field along the centre axis. However for a distribution of trigonal or
tetragonal centres equally divided between the different possible orientations in a cubic
crystal the result is

——=gfH. 2)

This simple result is obtained for the three orientations of both centres in agreement with the
expected isotropy of the MCD®. The principal fluorescent centres formed by hexavalent
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uranium incorporated into lithium fluoride and sodium fluoride consist of a US* ion
surrounded by five 02" ions and an F- ion in centres of C,y, symmetry. Previously reported
g-values® need to be multiplied by 2 as g-values were derived using (1) rather than (2).

Calculations have also been made for E — E transitions. Review articles!'2 have
claimed that ransitions between E states are doublets for an even number of electrons. This
is not true for trigonal E — E transitions where similarly circularly polarized components are
found as for A — E transitions in addition to linearly polarized transitions. This can be seen
since in Cyy symmetry E x E = A, + A,+ E which contains the representations
corresponding to electric dipole transitions of m symmetry A, and ¢ symmetry E. The
circularly polarized components lead to MCD but it is not possible to determine the g-values
from (2) as the measured absorption will include components from the linearly polarized
transitions. In contrast for C,, centres E x E = A| + A, + B, + B, so that only linearly
polarized transitions of A; symmetry result and no MCD is expected. Information on the
g-values for E — E transitions for centres of trigonal or tetragonal symmetry can be obtained
from resolved Zeeman spectra.
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ON THE DEFECT EQUILIBRIUM IN THE Ba;-.Gd;F;4:
SOLID SOLUTIONS: A STUDY BY EPR AND ITC

E. Laredo, A. Bello and M.E. Galavis
Physics Department, Universidad Simén Bolivar, Apartado 89000, Caracas, Venezuela.

Recently, the solid solutions of alkaline earth fluorides highly doped with trivalent rare-
earth ions have been the object of several studies oriented to the search of the existence
of higher clusters formed by the gettering or aggregation of the well accepted simple
dipoles created by the binding of the RE3+ cation with its charge compensating defect,
the interstitial fluorine. In Bal"}” where the nnn (next nearest neighbor) dipole is the
predominant defect the existence of clusters is not as well established as in the case of
CaF&”. Electron Paramagnetic Resonance and ITC techniques have been used here to
study the co- existence of the different types of defects in the Ba;_ Gd;Fz4 . system
for 0.0001< x < 0.05.

The EPR spectrum for all concentrations shows the existence of a trigonal center which
is predominant and whose concentration increases until x= 0.01. At higher concentra-
tions the EPR lines broaden but their intensities decrease until the higher concentration
studied by EPR is reached. The effective spin Hamiltonian parameters for J= 7/2 and
trigonal symmetry were detetmined by fitting the experimental spectrum obtained for
x=0.001 and following a new approach for this kind of calculus based on the simulated
annealing of the system using a Monte Carlo method. The parameters obtained are
in excellent agreement with those first reported by Boatner et al.(3), however our un-
certainties are much lower. Besides this weak trigonal center, which is due to the nnn
dipole, there is also a cubic spectrum present in all our EPR runs. The relative concen-
tration of these two centers was estimated by computer fitting each of the experimental
spectrum varying the relative abundance of the cubic and trigonal sites and the results
are plotted on fig. 1. These same crystals were studied by ITC technique where the
low-temperature spectrum shows an intense relaxation peak which is assigned to the
relaxation of the nnn dipoles. From the intensity of this predominant ITC peak the
absolute molar concentration of Gd3+ in nnn dipoles, ¢,nn, Was calculated and its vari-
ation with x is presented in fig. 2 together with the variation of the abundance of the
trigonal center calculated after the intensity of carefully chosen EPR lines. The com-
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parison of this two behaviors obtained from two completely different techniques shows
an excellent agreement. The existence of 2 maximum molar concentration of dipoles
equal to 8 x 10~* for the crystal with x=.01 found for both EPR and ITC experiments
indicates that there is a high number of Gd3+ which is not under the nnn dipolar
form and that this number increases rapidly for the most highly doped crystals forming
higher clusters of lower symmetry which are not clearly seen due to the broadening of
the EPR spectrum at these high concentrations. Also, from the information gathered
In figures 1 and 2 for the less doped crystal where clustering should be unimportant,
the association energy of the nnn dipoles could be estimated from the equilibrium be-
tween the associated species and the free defects and found to be equal to 0.41 eV to
be compared to the value of.44 eV found by ionic conductivity techniques.

1) H.W. den Hartog, P. Dorenbos and W.J. Postma, Phys. Rev. B34, 7496 (1986).
2) R.H. Petit, P. Evesque and J. Duran, J. Phys. C 14, 5081 (1981).
3) L.A. Boatner, R.W. Reynolds and M.M. Abraham, J. Chem. Phys. 52, 1248 (1970).
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Mn2+ ON Li-SITE IN LiNbO3: AN ENDOR INVESTIGATION

G. Corradi®'®, H. Stthe®, J.-M. Spaech® and K. Polgar®

aUniversity of Paderborn, Fachbereich Physik,
Warburger Str. 100A, D-4790 Paderborn, FRG

bResearch Laboratory for Crystal Physics of the
Hungarian Academy of Sciences, P.0.B. 132,
H-1502 Budapest, Hungary

The geometry and electronic structure of defect centers due to the
presence of transition metal ions in lithium niobate is of basic interest

for the understanding of the photo-refractive effect in LiNbO3 devices.

Earlier arguments on the positions of these ions in the LiNbO3
lattice and in particular the arguments about Mn2+ substituting for Li
are rather qualitative /1/. A somewhat clearer indication for Li-substi-
tution of Mn2+ is coming from the value of the electric field gradient
acting on the an+ nucleus as determined from the splittings of the

forbidden transitions in EPR /2/.

In the present ENDOR investigations congruent single domain high

+
quality LiNbO, crystals doped with 0.0l molarZ an in the melt prepared

from Merck su;rapure and Johnson-Matthey materials have been used. The
spectra have been measured at T ~ 12 K for magnetic field orientations
Bllc and Bjc. Due to the EPR line broadening a detailed angular dependence
of the ENDOR spectra could be taken onlyby rotation of the crystal around

the threefold c-axis, thus maintaining Blc.

For the five nearest Li-shells (see Fig. 1) the hyperfine (HF) para-
meters are shown in Table 1. Additional experimental results can be

summarized as follows:

a) The I. Li-shell consists of two partly resolved subshells.
b) The II1. Li-shell shows no splitting effect whatsoever.
¢) No close Li-neighbour along the c-axis (z-direction) within 6 )3

can be detected.

419




The results can be explained
4 by assuming that the Mn2+ ion
lV is located at or very close to
an empty Li-site in LiNbO3
lattice. No agreement can be

obtained for Nb-substitution

nor for any intermediary

2+
position of the Mn ion.
Arguments against an alterna-

tive model, where Mn2+ sub-

stitutes for a Li pair in an
assumed local ilmenite

Fig. 1. Li-shells around MnLi in LiNbO3 stacking sequence /3/ are
also discussed.

A point dipole calculation for the case of Li-substitution in LiNbO3

structure gives quantitative agreement for the anisotropic HF interaction

parameters of shells II~V, i,e. for Mn-Li distances > 5 .

Further experiments on stoichiometric LiNbO,:Mn crystals are under

3
way.

Table 1.

Fitted values of the isotropic (a) and anisotropic (b, b') ligand HF
parameters (MHz) and of Euler angles for the tensor axes (‘}'=0o can be

assumed) for Li-shells,

Li-shell I, I 11 111 v v
a -.05  -.02 .003 ~. 10 ~-.03
b-b' .48 .45 .224 ~.21 ~.09 <.08
[b*] <.01
) 47° 47° 90° +15° ~43° ~63° 0°
$ 180° 180° 30° 0° 0o° -

/1/ A. Rduber, Current Topics in Material Science, Vol.l, ed. by
E. Kaldis, 1978, North Holland Publ. Comp., p. 481

/2/ G.1. Malovichko and V.G. Grachev, Fiz. Tv. Tela 27, 2789 (1985),
Sov. Phys. Sol. St. 27, 1678 (1985) -

/3/ D.M. Smyth, Ferroelectrics, 50, 93 (1983)
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Ag'" AND Ag'*-Ag* CENTRES IN Na Ag, Cl
AN ENDOR INVESTIGATION

J.R. Niklas, U. Leonhardt and J.-M. Spaeth

University of Paderborn, Fachbereich Physik, Warburger Str. 100, D 4790 Paderborn, F.R.G.

The centres were produced by x- irradiation of NaCl crystals doped with 0.2 mol %
AgCl at temperatures of about 10 K. V centres generated simultaneously were destroyed by
in-situ annealing of the samples at 220 K [1}. The g- values for the Ag** as obtained from
the ESR- spectra are consistent with data in the literature [1.2].

ENDOR spectra were measured in the frequency range from .5 to about 80 MHz.
They reflect the interactions of the S=1/2 electron spin with 3 C1”, 3 Na*, and 1 Ag* shell.
The data for the ligand hyperfine interactions and the quadrupole interactions give a precise
picture of the Jahn-Teller distortion [3,1] of the Ag**. This is discussed in detail. The values
are given in Table 1 in terms of the isotropic hyperfine constant, a, the anisotropic constant,
b, and the quadrupole interaction constant, q.

Additional Ag* and Na* ENDOR- lines were analyzed to correspond to Ag**-Ag*
compound centres. As for the Ag’-Ag* centre [4], the Ag* was again found in a [100]
position rather than in {110].

Table 1

symmetry isotope a/MHz b/Mhz q/MHz

(100) 109, 922 13.6 -
(100) 35¢y 36 29 2.1
(100) 35¢) 7.5 2 08
(110) Na 54 03 05
() 35¢y 41 07 05
(100) Na 5.54 39 15
(100) Na 16 31 03
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EPR_SPECTROSCOPY OF KDP:Cr

D. Bravo, F.J. Lépez,
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E Diéguez and J. M Cakrera

Dpto. Fisica Aplicada C-1IV, Facultad de Ciencias,

Universidad Auténoma de Madrid, Cantoblanco,

28049 MADRID

KDP is a crystal utilized for electrooptic devices such as modula-

tors or second harmonic generation devices.

The E.P.R. studies of impuri-

ties in this material usually present the difficulty of a low concentration

level due to the low distri-
bution coefficients they
have at the temperature
(~RT) KDP crystals are
normaly grown from aqueous
solutions. However, it is
known [1], that the so
called "growth bands" at
the external part of the
block exhibit a higher
impurity concentration than
the rest of the crystal. In
this work, an E.P.R. study
of the growth bands of Cr>'
doped KDP has been performed
at RT.

The figure shows the
angular variation of the
E. P.R. spectrumn (dots) 1in
the ab and bc planes for the
more intense lines. From the
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@
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symmetry of the angular variations of the resonance field it has been de-
termined that the defect has orthorhombic symmetry. Thus the spectra were
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fitted to the spin Hamiltonian

R:peHFT 4D ISy - 1/3S(Se1) ] «E (S -8t )

where S = 3/2 . The direction of maximm splitting has been chosen as the
Z-axis of the defect and the defect principal axes X,Y,Z are related to the
crystallographic ones a, b, ¢ by the Eulerian angles. The best values for the

fitting are:
: 1.972 iD} = O.4372 cm ® e - 145.9°
L ¢ 1967 |El = 0.1285 cm © - 7320
gy = 1.972 ¢ = 119. 3°

the contimuous lines in the figure showing the computed values.

In a previous worK by Kobayashi (2], a defect with similar principal
axes has Deen reported and attributed to Cro' substituting for X' with two
proton vacancies as local charge compensators. The defect here presented
has slightly lower values of D, F and the ratio 3E/D, which indicates the
orthorhombic distortion strength. Moreover, the 2-axis in the growth band
sample, defined as the one exhibiting maximmm splitting is exchanged
({ within a few degrees ) with the Y-axis in Kobayashi’s paper.

These results can be interpreted in the sense that the defect for

the growth band sanple consists also in Cr‘s+ in the K" site with two proton

vacancies. However, the growth method should affect the local distortion of
the lattice.

References
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EPR AND ITC OF THE SUPERIONIC CONDUCTOR SYSTEM PbF,~-GdF

TH - P28

3

1.V. MURIN, S.V. CHERNOV
Department of Chemistry, Leningrad State University

Leningrad, USSR

W. Gunsser, J. Henning

Institut fiir Physikalische Chemie der Universitit

Hamburg, FRG

The renewal of interest in the physical properties of superionic conductors
is part of the general development of the physics and chemistry of noncry-
stalline phases, abetted in this case by technological applications of

these materials as solid electrolytes in batteries and other electrochemi-

cal devices.

The system PbF3-GdF3 is a fluoride-type material suitable as a model of
superionic conductors due to its relative structural simplicity. PbF) has
the largest conductivity of the fluorite group and the disordering of the
anion sublattice occurs at the lowest temperature (1). Substitution of Pb
with RE-elements has a great influence on the electrical and thermodynami-

cal properties of the material (2).

Several experimental investigations involving
optical, infrared and Raman spectroscopy as
well as electrical conductivity, dielectric
and inelastic neutron diffraction (3) are
used for studying static and dynamic proper-
ties of these compounds.

We prepared solid solutions of Pby.yxGdyFj.x
(x = 0.02...0.4) by direct solid state syn-
thesis. High purity a-PbFy and GdFj were used
as starting materials. Well ground mixtures
of compounds were placed into Ni-ampules and
then in an evacuated Ni-container with hydro-
fluorinating agent (BaF,°*HF). Syntheses were
carried out at 800°C during 7 hours. Solid
solutions were quenched in water (room tem-—
perature). X-ray powder diffraction patterns
showed no unidentified phases and were in-
dexed in a Fm3m space group (CaFj-type).
Maximal solubility of GdF3 in B-PbFy was
estimated to be 38 * 3 mole/7.

Our results of concentration dependence of
electrical conductivity and activation
energy of the solid solution are shown in
figs. 1 and 2. We also performed ITC (ther-
mal depolarization) measurements (2).
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a function of Gd-mole-con-
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In the temperature range of 150 to 350 K, we studied EPR spectroscopic be—
haviour (X-band) of the fluorite-type solid solutions. EPR is not only a
good monitor for local site symmetry ol the trivalent paramagnetic ionGd3*
(s = 7/2), which is not mobile in the PbF, lattice, but the mobile ions in
the superionic conduct can also influence the EPR spectrum through the
modulation of crystal field splittings and hyperfine interactions at very
low Gd-concentrations.

% Fig. 2. Actlvat%on energy as a function of
N mole concentration x for Pb, Gd_F .
o 1-x x 2+x

At intermediate and higher dopand levels, no
os | ] hyperfine structure is seen in the EPR spec-
tra. Here an association of the impurity
o A St ol Rl el L SR R atoms and interstitial fluorine ion vacan-
cies into clusters of different kind and ex-
tension occurs (4). The simplest cluster is
1 a 2:2:2 association, which can be described
as a dimer of C;,(NNN) dipoles stabilized
by the formation of vacancies and relaxed
fluorines. The EPR parameters g-value, re-
lative intensity and line width as a funct-
0 01 02 03 o4 ion of Gd-content and temperature (an ex-—
ample is shown in fig. 3) give information
about interactions of cations and inter-
stitials in the clusters. More details re-
garding the coupling process are concluded
from EPR line form analysis.

28,/ kGaues Fig. 3. Differential line width
T T " as a function of Gd-concentra-

3 | /"\\ 4 > N
/ . tion in Pb1—xcdxF2+x at 350 K.

-
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THE RQLE OF URITY METAL-VA MPLEXES IN THE
PH Y OF THE SI. HAILIDES.

M. T. Olm, R. S. Eachus and R. C. Baetzold
Research Laboratories
Eastman Kodak Company
Rochester, NY 14650 USA

During exposure to actinic radiation, the silver halides decompose to silver metal and free
halogen at rates that are affected by impurities, particularly aliovalent cations of the
Group VIO elements (1). These impurities generally introduce states in the forbidden
energy gap of the host crystal, functioning as deep traps for photocarriers or as recom-
bination centres. They are, therefore, of potential value as addenda for photographic
materials; there is particular interest in how to exploit the electron trapping propensities
of many of the Group VII jons.

The precise photochemical effect of a transition metal impurity on the silver halides is
determined by a number of factors, one of which is its association with other point
defects. AgCl and AgBr are cubic solids with cationic Frenkel defect structures. Charge
compensation for aliovalent impurity cations is generally provided by silver ion vacancies.
The number and geometrical distribution of vacancies about an impurity ion can be
particularly important for electron traps. An incomplete complement of vacancies adjacent
to the impurity increases its trapping cross section and the lifetime of the trapped-carrier
state.

More subtle effects on trapping characteristics result from variations in the relative lattice
positions of the impurity and vacancies. For example, both Ru> and Os>* substitute
for silver when doped into AgBr and AgCl. They have low-spin d” electronic config-
urations, are paramagnetic, and detectable by EPR before photolysis. In Ru“ - doped AgBr
single crystals, four structurally inequivalent sites were observed, each of which is be-
lieved to be a geometrical variant of the fully charge-compensated centre (M>*2v P,
(Here the two associated silver ion vacancies, V, tender the site neutral with respect to
the host lattice, as indicated by the suﬁerscript.) Similar results have been obtained for
AgCl:Ru“, AgBr:Os“, and AgCl:Os”". Rotations performed in orthogonal planes led
to the derivation of a g-matrix for each site. It was possible to deduce reasonable
structural models for these sites from the EPR data if they were combined with the
results of atomistic calculations. By employing the computer programme CASCADE (2)
and using only two body central forces with standard AgBr or AgCl potentials, energies
were computed for the nine possible impurity-vacancy configurations involving nn and
nnn positions. The most reasonable configurations for the observed four sites were then
selected from the energetically favourable structures using symmetry arguments based on
the observed g-matrices. 1‘hes§+structum will be discussed in detail. During exposure
to bandgap radiation, both Ru™" and os>* trapped photoe'ectrons, and EPR signals from
thg_e jons were quenched at rates which were dependent upon the geometry of the
M2V 10 site.

When the Os>*- or Ru“—doped materials were photolysed at room temperature, the fol-
lowing sequence of reactions was expected to occur:

IM3+2V10 + o= —LIh M2*2V - LI1L M2*1v)0 & vV free
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The ionic relaxation step (), thought to be necessary to stabilize the trapped electron
state, is facile only above about 150-170 K in the silver halides (1). To determine the
effectiveness of this reaction, crystals exposed above 170 K were subsequently cooled to
about 10 K and given a second irradiation with red light to ionise the trapped electron
ceutres. At this temperature, vacancy motion is frozen so that %spectra from
M>*.1V1* centres should be observed. Surprisingly, the four original [M>'.2V O centres
were nerated in their original concentration ratios. Apparently, ionic relaxation of
the IM<*2VI1™ trapped electron states did not occur at room temperature, implying a
relatively strong binding emergy for the second vacancy to the divalent M*' jon.
Atomistic defect calculations indicated that this second binding epergy can be as large
as 023 eV. The significance of this result for Ru“'- and Os™ -doped photographic
systems is that the (M2*2V ]~ centres are not rapidly stabilised by ionic relaxation at
room temperature. Because of this, they tend to act as recombination centres, leading
to a lower rate of photodecomposition in both AgBr and AgCL

(1) R. S. Eachus and J. P. Spoonhower, "Progress in Basic Principles of Imaging Systems"”,
edited by F. Granzer and E. Moisar, (Vieweg, Braunschweig, 1987), p. 175.

(2) M. Leslie, SERC Daresbury Laboratories, UK.
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LUMINESCENT PROPERTIES OF ALKALI-EARTH
ZIRCONATES DOPED BY Tiand Eu

A.N. Belskiy, I.A. Kamenskikh, V.V. Mikhailin, A.N. Vasili'ev
Moscow State University, USSR

|. Davoli, S. Stizza
Camerino University, ltaly

For phosphors AzrO, doped by Ti or Eu(A=Ca,Sr,Ba)

photoluminescence spectra (LS) in the range 300-600 nm,
diffuse reflection spectra (DR) in the range 150-500 nm
luminescence quantum yield (LE) excited by photons with
energies from 4 to 35 eV have been measured. LE was measured
using monochromatized synchrotron radiation of the storage ring
"Siberia-1" of Kurchatov Institute. These data enabled us to
evaluate energy band gaps fot these compounds {1).

Temperature and energy dependence of emission is
characteristic for Ti in oxygen-containing compounds, where
luminescent centers are formed by titanate groups TiOx. The
shift of DR edge of titanium-doped zirconates to lower energies
is due to the absorption by titanate groups.

Emission of AZrO,-Eu shows sharp lines in the red region

characteristic for Eu3*. LS prove that Eu creates not a unique
type of luminescent centers.

Spectra of LE in the range 4-35 eV provide information on the
inelastic scattering of electronic excitations leading to a
step-wise increase of m (hv), as well as on transitions from the
core levels. Utterly different view of LE spectra for two
activators can be explained supposing different mechanisms of
energy transfer to Iuminescent centers: predominantly
electron-hole one in the case of Ti and excitonic one in the case
of Eu. This hypothesis is confirmed by computer simulation m (h

v) according to ref. {2}.
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FIGURE CAPTIONS

Fig.1-Luminescence yield versus exciting photon energies, RT:
solid curve - AZr0,-Eu, dashed - AZr0, - Ti, dashed-dotted and

dotted - computer simulation.
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SITNTIRS EFRICTENCY OF Tult PHOTOLUNTHI3CINCE TX YaCl SRYSTITS

T. "ugerska, R,Cywiiski
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HaCl:7ul(2+) crystals used in this wor {about 100 pnm mo?
Tu{2+) in the host} were grown by the “ridgrman method in va-
cuun-sealed guartz amnoules ( 1 ).

“bsolute guantum yield of nhotoluminescence excited hy
36€ nm Zg line was measured at 300 ¥ by the Vavilov method
usinz rodamine B quantum counter aﬂd ragnesiuwr oxide stancar
Temverature devendence of guantum yield within 15 - 20 7 was
determined by the intesration of corrected erission srectra.

™e vhotoluminescence guantum vield of NaCl:=u(2+) samnle
quenched from 500°C or gquenched from 5007C and zannealed at
roor temverature was equal to unity independently of ths tem-
nerature., For samnles annealed within 100 - 250Y. thas -2oto-
lumninescence quantur yield was equal to unity at 15 7 and de-
creased down to about 0,2 - 0.8 at 300 T resvectively,

ipart from the dinols six different Tu{2+) lumlnbscen*
centers ("i"- "yi") in NaCl crvstals are formed ( 2 ). ~ho-
toluminescence quantum yield of the divols and t“eﬂr ezsresa-~
tes ”1" formed at room temperature  orobably dimers or tri-
mers} is nractically equal to unity and the contribution o7
radiationless rrocesses can be neglected.

The photoluminescence gquantum yield of the foreirn nhase
precipitates i'ii" - Myiv c§n be described by the eguation

M=0 + (1o~ )/ g ‘here To ,Tm are the interral
intensities of th em1351on bands, \ct1vqt10n energies calcu-
lated from the pertinent Arrhenius vlots susmmest ex1stencz or
two luminescence quenching mechanisms, The first mechenis
with activation energy values characterﬁstlc of the q1“o7e re-
sonance oscilation energy {about 50 cm and 200 cm ', is rec-
ponsible for the luminescence quenchin~ of "iiV zndé "iii" -re-
cipitates below 100 K,The second mechanism is related with the
conflpugatlon curve crossing with activation enersies atove
600 cm=', The latter mechanism dominates in cuenchins o7 luri-

nescence at higher temperatures (within 100 - 300 ) an¢ seens
to be valid only for "v" and "vi'" nrecivitates,

1) R.Voszka, I."arjan, '.Bcrkes. ., raisovszky, Tistall
und Technik 1, 423 (19€6).
T.Hugenski, .Cywirski, nays. stat. sol.(b 128,75
(1985).
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LFFECT OF AGGREGATION AND ENERGY TRANSFER ON OPTICAL
PROPERTIES OF Mn°* TONS IN NaCl:Eu,Mn AND KCl:Eu,Mn SYSTELS

R,Cywiriski and E,Mugeriski

Institute for Low Temperature and Structure Research,
Polish Academy of Sciences
50=950 Wroctaw, P.0,Box 937, Poland

The excitation energy transfer from europium to mangane-
se ions in doubly doped NaCl:Eu,Mn and KCl:Eu,Mn crystals
aged at room temperature or annealed at higher temperatures
is examined, As shown earlier [1,Z] this energy transfer pro-
ceeds in simple aggregates or foreign phase precipitates con-
taining both dopant ions,

It is ascertained that the temperature function of the
manganese luminescence decay time ( ¥) can be described by the
dependencs L t;1 + s1exp(-E1/kT) + szexp(-Ez/kT), in which
two temperature ranges are considered (up to 100 K and above
100 K) withappropriate activation energy values E1 and E2.

In freshly quenched NaCl:Eu,Mn and XCl:Eu,Mn crystals as well
as in KCl:Eu,Mn ones aged at room temperature (presence of
the aggregates of losely bound dipoles), the E1 values are
comprised between 20 and 40 em™? and E, values between 200
and 250 cm°1, being characteristic of the resonance vibra-
tions of the dopant ions. In NaCl:Eu,Mn crystals aged at room
temperature and in KCl:Eu,Mn ones annealed at about 250 °C

E2 values are equal to 300 em™! and 550 cm'1, regpectively,
The above values distinctly exceed the phonon range of the
crystal lattice (local vibrations) and are possibly characte-
ristic of the foreign phase precipitates containing both do-
pant ions,

[1] R.Capelletti, M.Manfredi, R,Cywiriski, J.Z,Damm,
E.Mugeriski and M,Solzi, Phys,Rev.B 36, 5124 (1987),

(2] R.Cywiriski, R,Fava, M,Manfredi and E,Mugenski,
phys.stat.sol.(b) 143, 433 (1987).
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A NEW TYPE QF COLOR CENTER IN CESIUM HALIDES:
F CENTER ASSOCIATED TO A PAIR OF OH DEFECTS

Mathias Krantz and Fritz Luty
Physics Department, University of Utah, Salt Lake City, Utah 84112, USA

V. Dierolf and H.J. Paus
Physikalisches Institut, Universitdt Stuttgart, D-7000 Stuttgart W.-Germany

F centers in crystals of NaCl structure cannot only be attached to isolated

cationic defects (F, centers) but also--in highly doped crystals--to

impurity-pairs (FB ceﬁters). The full analogy in Cav symmetry of F centers
assoclated to single anionic defects in Cs-halides (FH centers) raises the
question if F-association to anionic impurity-pairs is possible also.

We found indeed a first complex of this type which we call "Fy, center”.
Optical bleaching at 180 K of the "primary" FH(OH ) center in highly OH
doped CsCl and CsBr crystals leads--besides Fy = F back-conversion--to the
gradual appearances of this "secondary" center. Multiple repetition of the
optical F =~ FH formation and FH -+ F destruction produces accumulation of
this new center, until its predominance (~100% in CsCl and ~80% in CsBr)
compared to the primary FH center is reached. Fig. 1 shows--besides the
single F band and the widely split FH bands--the absorption of the new FH?
center. It remains similar in spectral
structure and indication of SO splitting to
Shos FH absorption, the main change being a '
strong increase of the two-band-separation AE
from 0.75 eV (F) to 1.0 eV (Fy,). The
symmetry of the new defect was determined by
using polarized light in the F, = Fo
conversion cycle: <110> 1light produces no
dichroism, while <100> 1light creates <100>

dichroism of opposite sign for the two bands.

This clearly shows <100> orientation of this

complex with a two-fold (spin-orbit-split) c i
enfer

FH2(2) transition L and a single FHZ(I)

transition | to the center axis. All these

features and the fact that it is formed only T 20 .5 -

in high OH doped crystals suggests the Photon Energy (eV)
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following structural model: An F center and two OH defects on three
adjacent lattice sites in <100> direction--mostly likely arranged with the
F center in the middle between the two OH ions, as sketched in Fig. 1.
This is exactly analogous to the tetragonal D/n ("configuration I") of the
FB(Na) center in KCll. While in the latter the two opposite Na* neighbors
increase the F band splitting compared to the single Na* neighbor in the FA

defect, the same 1is achieved by the two OH ioms (F,.center) compared to

the single OH neighbor in the FH(OH-) center. Hgppositely oriented
molecular and displacement dipoles from the two OH neighbors (see Fig. 1)
obviously produce the enormous AE = 1 eV splitting of the 2p state for
transitions | and L to the center axis--totally unique in size among all
known one-electron F-aggregate centers.

This model has been confirmed by measurements

of the MCD spectra in CsBr (Fig. 2) which in

spite of the enormous splitting are typical for
tetragonal centers. Due to the incomplete Fy-
Fyo conversion, their close-lying high-energy

spectral bands overlap partially and make

lanalysis difficult. Their well-separated low-

|energy bands, however, allow reliable
. = _{measurement of T-dependent MCD spectra and

2.2 1.8 1.4 1.0 eV ‘
their accurate moment analysis. The measured
B/T dependence (Fig. 2) yields Al - ~38.7 meV
?g confirming the one-electron F center type
mev defect structure of tetragonal symmetry. The
-5 Fiz(1}~band further reduction of the |A | value compared to
5 4, = —38.7 meV) po FH(OH_) center indicates the strong

0 02 04 06 08 1.0 perturbation effect due to the added second OH
tanh(RB/KT
ann(BB/AT) neighbor. Qualitatively the same behavior has

been observed for CsCl crystals.

*Supported by NSF grant DMR 87-06416.
1. N. Nishimaki, Y. Matsusaka, Y. Doi, J. Phys. Soc. Japan 33, 424 (1971).
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N, RGY T SFER I CENTER/OH_ FECT PAIRS KC
1°] - RES C CATT G
G. Halama and K.T. Tsen

Physics Department, Arizona State University, Tempe, Arizona 85287

Fritz Luty
Physics Department, University of Utah, Salt Lake City, Utah 84112

Optical aggregation of F centers in highly OH doped KCl crystals at 240 K
leads to the formation of F center/OH ion pairs. In contrast to normal F
centers these ”FH(OH—)" defects are characterized by a broadened and red-
shifted single absorption band and total quenching of the normal Stokes-
shifted electronic emissionl. Measurements of the FH center ground-state-
bleach recovery kinetics under pulsed laser excitation shows that the
nonradiative de-excitation of the FH electron occurs extremely rapidly in
the pico-second regimez. Opposite to the case of F center/CN ion pairs no
trace of OH stretching vibration emission has been observedl. The most
basic question therefore remained unanswered so far: what is the coupling
or energy transfer process by which the EH electron loses its excitation
energy so efficjently to the OH jon neighbor?

We tested this open question for FH(OH—) defects in KCl1 wusing 60 psec-
pulsed frequency-doubled YAG laser radiation of 532 nm both-to pump the FH
absorption and to probe its resonance Raman response. Based on the time-
averaged laser power (~1 W), pulse repetition rate and pumping volume, the
delay-time between pump and probe of the same FH center is r = 10_6 sec.
Due to the rapid (pico-second) return of the excited electron, any
molecular excitation preserved after pumping over this time-period r will
be accessible for detection by anti-Stokes resonance Raman scattering.
Fig. la shows the result obtained for FH(OH—) defects in RKRCl1 at 10 K:
three Raman lines (A,B,C) appear at 3650, 3600 and 3410 cm-l, extremely
weak but remaining well observable up to ~80 K. The highest energy line A
lies very close to the stretching mode vy = 3643 cm—l of the isolated OH
defect. The two lower energy lines B and C we attribute, as sketched in
Fig. 1b, to the v=1~ 0 and v = 2 » 1 vibrational OH transitions in the
FH(OH*) complex: The presence of a "soft" F center neighbor lowers
slightly the OH™ stretching-frequency relative to that of the isolated
defect, while our observed anharmonicity shift v»(B) - v(C) = 190 cm”1 coin-

cides closely with the one (~170 cm—l) observed for isolated OH defects.
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Within these assignments the

‘:S’?‘"ee O'j. F” (OH) F Center - OH’ Pair interpretation is sketched in
“ﬁ /E?‘—'"z Fig. 1b. A good part of the

H i Transfer ,| electronic excitation energy

3410cm’ (~0.87eV) of the close FH(OH_)

Fig. 1 } center is transferred into the

—va|

(b) v = 2 state of the attached
3800em?| OH . The cascading relaxation

Raman Intensity

ve2=-=1-0of the excited

——v+0 | OH ion 1s obviously a very

3600 3450cmﬂ rapld nonradiative process
(no vibrational emission observed!), so that after the pump-probe delay-
time 7 only very small remaining populations in the v=2 and +v=1 excited
states can be detected by anti-Stokes Raman scattering. The presence of an
additional line A indicates that besides the "close F/OH pair" a more
distant F/OH™ pair-configuration exists, characterized by an OH frequency
nearly equal to that of the isolated OH ion and by a weaker e - v transfer
process populating only the v = 1 state.
Under <100> polarized excitation lighe, all 3 bands A, B and C show about
6-10 times stronger Raman signal for L <0lC> compared to " <100>
polarization. Consequences of this amazing result will be discussed,
particularly in terms of the [200] neighboring-site pair model, derived for
the FH(OH_) center in KCl1 from ENDOR measurements-.
Most interesting is extension of thisg work to F centers paired with 0D~
defects (having a stretching frequency |7 smaller than OH). Preliminary
experiments with FH(OD—) centers show only two weak anti-Stokes Raman lines
A and B at 2680 and 2660 cmﬁl, line A (like in the OH case) located close
to the frequency of the isolated defect. These results indicate weak e - v
energy transfer only into the v=l1 state of two FH(OD—) pair configurations.
Improved experiments are under way and will be discussed and interpreted,
in comparison to the FH(OH-) results and to the (orders of magnitude
stronger) anti-Stokes Raman results obtained for FH(CN—) defectsa.
*Supported by NSF grants DMR 87-18228 and DMR 87-06416
1. L. Gomez and F. Luty, Phys. Rev. B 30, 7194 (1984).
2. D.J. Jang, M.A. El-Sayed, L. Gomez and F. Luty, Ultrafast Phenomena V,
Springer Verlag, Berlin, 1986,

3. M. Jordan, H. Sdthe, J.M. Spaeth and F. Luty (paper in this meeting).
4. K.T. Tsen, G. Halama and F. Luty, Phys. Rev. B 3§, 9247 (1987).
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Q-SWITCHING OF A Nd:YLF PULSED LASER USING F, COLOR CENTER IN LiF*

N.D. Vieira Jr., F.E. da Costa, W. de Rossi, S.L. Baldochi and S.P.Merato
Instituto de Pesquisas Energéticas e Nucleares — Caixa Postal 11049

01000 - Sao Paulo - Brasil

We report pulsed Q-switched operation of a Nd:YLF laser using F:
color centers in LiF crystals. F: color centers are produced in heavily
irradiated ultra pure LiF crystals. These crystals are first zone refined
in a HF atmosphere an then pulled by a Czochralsky technique. The same
technique is used to prepare and pull Nd:YLF crystals. Color centers are
then created in LiF by irradiation with a y-cell (6°Co in with 20MRad )

! peaking at 960nm with almost

producing an absorption band of 0.31 cm
negligible formation of adjacent higher aggregates of F centers.These Fz_
centers have an emission band peaking at 1.15 um with a reported decay
time of 54 ns at room temperature. We used a plane-paralell laser cavity
with a closed coupled configuration pumping cavity. The gain medium is a
3 inches long, 1/4 inch diameter Nd:YLF crystal pumped by a xenox lamp.

Without Q-switching the laser delivers 300 mJ of pulse energy in
120 us. Introducing in this cavity a F::LiF crystal (initial absorption
of 46% at 1.047 um) of dimensions 63 x 15 x 15 mm®, we obtained a train
of_pulses (3 to 4) with 15 ns of pulse duration and minimal loss of output
energy. This lack of loss in energy is due to an estimulated emission

mechanism by the F: color centers.

+ Financed by FINEP.
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SENSITIZED LUMINESCENCE OF DOPED NaNO, SINGLE CRYSTALS

T.Schmidt, J.Kéhler and D.Schmid

Institut fiir Physik der kondensierten Materie
Lehrstuhl fir Festkérperspektroskopie
Universitit Disseldorf; Universitidtsstr.l; D-4000 Disseldorf 1; FRG

For many years sensitized luminescence has been a valuable tool in the
investigation of excitonic energy transfer in organic molecular crystals
/1/. Some years ago we have found the system NaNOZ:KNO2 to be an intere-
sting model of excitonic energy transfer in ionic crystals /2/. The flu-
orescence and absorption spectra of the pure crystal are investigated in
detail /3...5/.

By doping a NaNo2 single crystal with only 0.1% KNO, the absorption and
fluorescence spectra changes drastically. Fig.l shows the fluorescence
spectrum of a NaNO, crystal which was doped by 0.1% KNO, at 5K near the
(0-2) vibronic transition of the pure crystal /2/. The lines A to G are
assigned to NOE molecule-ions which are perturbed by neighboring £
impurities and act as traps for the excitation energy. In the absortion
spectra of NaNOZ:KNOZ we could establish new lines on the low energy side
of the 0-0 transition of the pure crystal (25980cn_1) due to the absorp-
tion of disturbed NOE molecules (fig.2) /7/. The absorption lines have
been assigned to the respective fluorescence lines using fluorescence-
excitation spectroscopy /7/.

Ve could show by time-resolved measurements /6,7/ that the traps
are arranged in so called "trap-systems” with a deep trap (A=1000cn_1)
and a shallow trap (6=100c-’1) each, and where the energy transfer
between the shallow and the deep trap is very effective. At least the
results are interpreted in terms of a generalized master equation ap-
proach /8/. From this approach it is seen that the process of energy
transfer to the traps in NaNOZ:KNoz is controled by the motion of the
singlet-exciton.
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fig.1l : Fluorescence of NaNO,:KNO
near the (0-2)-transition
of the pure crystal.
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KINETICS OF NON-STEADY-STATE DIFFUSION-CONTROLLED TUNNELLING
RECOMBINATION OF DEFECTS IN KCL,d—ALZOB, DNA

E.Kotomin, I.Tale, V.Tale, P.Butlers, P.Kulis

Institute of Solid State Physics, Latvian State
University,RIGA, USSR

In interpreting the results of the steady-state
experiments on diffusion-controlled recombination kinetics o¢
radiation defects in solids, often the following difficulty is
encountered: the reaction rate K=4WDR¥* is a product of two
temperature dependent factors- the relative diffusion
coefficient D and the effective recombination radius R¥. For
contact recombination mechanism {(approach of defects to within
a distance r<R,), R*=Ro=const. In the case of the long-range
interaction (e.g. tunnelling recombination whose probability
(per second) is WIR)=W,exp(-r/a),Wo,a are constants) R* and the
joint distribution function of the dissimilar defects, Y,
appear to be temperature (D) dependent /i/. It can be used as a
method to estimate independently both co-factors: D and R¥. The
idea of the method /2/ is to make use of the step-like increase
(decrease) of the temperature, which in. its turn changes
instantly the diffusion coeftficient D=Dyexp(-E/kT). The second
co-factor, R¥* changes inertially which results in delayed
increase (decrease) of both K and the recombinational
luminescence intensity J~K. Indeed, after the increment of T
by AT=T, -T, and of D by D2/D4=exp(-EAT/If) the initial
steady-state recombination profile and radius, Y,(r,T,) and
R¥(T,4), transform into Yo lr,Ty ), R*(Tz), which are calculated
in /1/.

We have made thearetical and experimental studies of the
non-steady-state kinetics of the diffusion-controlled
tunnelling recombination of radiation defects in quite
different insulating crystals: KCl,oC-A1203, Na-salt of DNA. We
used such expereimental conditions, that the relative change of
the defect concentration were negligibly small, and thus the
behaviour of the J($) was entirely due to the change of the
reaction rate K.

Two  models of the delayed kinetics are compared. (i)
Assuming that Y(r,t) changes as due to a very slow heating and
that the delay time in Y and R*‘change results entirely +$rom
the diffusive passage between R*(t,) and R*(Tz), one gets
43 vK=4FDAR*~D*3[C . Indeed, such a behaviour fits well the
experimental kinetics for self-trapped holes (Ve centers) in

KC1 and KBr. However, the activation energies obtained are
essentially underestimate.(ii) A more correct wmodel is based on
a direct solution of the diffusion eguation (in the

dimensionés?s units x=r/a, T=Dt/al) 2y j?._x 34
- * N, 2 yrl_ Wead's ~ | € XT)XdX
X = M {YNEY |- %7, ] R, Y ()

Therefore the delayed kinetics is governed by the parameters
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We, aZ/D, D*=DA/D s describing defect motion and recombination.
These parameters can be obtained by a fitting of theoretical
kinetics J(T) to the experimental orne. The latter can be
characterized qualitatively by an increment of J (y scale) and
transition time( x scale) which vyield the parameters E and
a®/D, respectively. Making use of an estimate for the
electronic partner of the Vg center in KCI1:T1 (0.1 mol%)
a(Tl1Y)=1A, we have arrived at the pre-exponent
Dp (V) =(1223) 10~ 3 m*s 1 which agrees qualxtatxvelg wlth the
result of the npt1ca1 dichroism studies D =410 emés Y3/,
The coarresponding Ry(T){h/kT /1/ being about 20 & at 180K. In
its turn, for hypothetical self-trapped holes in £-Al, 05 (fig
1,a) and Na-salt of DNA (fig 1,b) we arrive at a%/D= (30;1 s
and (733) s, respectively. The relevant models of these centers
are proposed.

To sum up, we have demonstrated that:

i) the fact of delayed (hundreds of seconds) increment of
the luminescence intensity J observed in a number ofinsulating
crystals serves as a qualitative criterium of the elementary
excitation self-trapping and electron tunnelling,

(ii) the non-steady-state recombination regime permits to
get independently the parameters determining both defect motion
and tunnelling recombination,

(iii) the discrepancy between theory and experiment seems to
be due to the continuous description of defect motion (eq. (1))

tiv) the delayed kinetics in DNA does not result due to 1D
motion and recombination process.
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3)'Kabler M.N.Int"Point Defects in Solids”,v.1,Plenum,1972,
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THE EFFECT OF DYNAMICAL DISORDERING UPON THERMOSTIMULATED
PROCESSES IN IONIC CRYSTALS

I.A.Tale, V.G.Tale

Institute of Solid State Physics, Latvian State University
Kengaraga,8, RIGA 226063, USSR

Annealing of both electronic and hole centres(e.g.F,Vz,
..centres in KC1I[11) at high temperatures is usually due to
assotiation of centres with mobile wvacancies. The relevant
activation energy 1is determined by the enthalpies of both a
release and the migration of vacancies, the frequency factor
being of the order of optical phoneon frequency (~10 sy, The
results of trap spectroscopy by fracticonal glow technique
(FGT) in doped KC1, KBr, LiF, CaF,, which contradict to the
traditional idea of reactions limited by capture of mobile
vacancies, are discussed. The concept of dynamical disordering
of defects is developed and accordingly an alternative
mechanism of high temperature defect annealing proposed.

It KTl "& s

i I i Experimental. KCI1;iKBr (100ppm T1). The
PO 12 mean activation energy,E and frequenc:
4o . tactor, s as functions of stimulation
| " temperature #for ionization of the single
I 2 (T19-) and dimer trir-) electronic

I ££Z\jﬂr - centres differ qualitatively in KCl and

n Szzi 7 KBr crystals: (i) Only 1in KBr exchange
el i;; and  Coloumb interactions result in a
signifant change of the ionization energy
3., 1 of T1% thus broadening the activation
energy spectrum with respect to an
080 _/__ﬂ unper turbated one (0.5eVv [21).
: 1 (ii) Because of their lower concentration
04 T1¥-centres in KBr are monoenergetic
) . 17 (E20.72ew). (iii) Unlike KBr, in KCI1
00 20 300 0 Tx the E for the Tli-centres increases with

if Kerh lgs the stimulation emperature. Tit-centres
ﬁ I~ 3 become ionized at temperatures at which
cation vacancies begin to be mobilel(21],

The plastic defarmation of a sample

reduces the temperature at which both
the E and the ionic conductivity j beqgin

to increase. (iv) In KC1 the frequency

factor of the ionization of the

Tit-centres signifantly exceeds the

075 —_— 1 limiting optical phonon frequency thus
mn: 0 indicating that the standard explanation
3 1 of the reaction is no more valid. The
04y 1 similar effect of the extremally high
030 {2 measured values of E and s was also

W 2 BT observed in dosymetric TSL peaks of
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LiF-Ti,Mg crystals(3), as well as high temperature TSL peaks

of Can. In the case of LiF the dosymetric TSL peaks

correspond to the temperature range

‘lgs where dissotiation of (M9-V, 1 complexes

takes place. Therefore an sharp increase

Lﬁ of mobile cation vacancy concentration

with temperature perturbs the
thermoactivated electronic process.

LF-Mg T

3

o

The model proposed. Defrozen of an
ionic svstem causes a dynamical
disordering of the defect and/or its
surrounding. Due to some ionic process
the structure of a defect can be changed
(per turbed) for a short time. It is

N assumed that perturbed configurations
"LLA}J T R occur as fluctuations of the perfect

- 58 ones{4). Perfect and all perturbed
configurations are characterized by its own ionization

(dissotiation) energy. The effective ionization energy,E, is
the statistical average aver all states of defect. In the case
of only two - perfect (u) and perturbead (p) configurations

— Etx“Vu*'EDVQD
_ _ E = Wu + Wp
where tu,Mﬂt,tp,WI— the ionization energy and the probabilities
(per unit time) of the realization of perfect and perturbed

configurations. Assuming that the perturbation requires the
activation enerqy G, we obtain

E=E +AM;1+woexp(&/KT L AE<Eu-Ep ;W= Who exp (-QAT),
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where Wo Mm.The dynamtcal disordering manifests itself as
the reversxble changes with the temperature ot the
effective E. I+ the perturbation produced due to aproach of
mobile cation vacancy to the defect (Tl2 reduces its

ionization energy, the relevant ionization "process will be
additionaly stimulated when temperature increase with respect
to the case of E=const. It will result in anomalously high
mean values of E and s get by FGT. The dynamical disordering
can, in principle, be caused by the following mechanisms:
vacancy (defect) migration, phase transition (in particular,
local one in the vicinity of a defect(41), conformation of the
complex defect. Mobile negatively charged detects act to
reduce the ionization energies of electronic centres but to
increase those o+ hole centres. Thus a reduction of the
ionization energy of traps in LiF-Ti,Mg9 due to cation
vacancies [3] confirms their electronic nature.

1. 3upan B.3. Uss.AH CCCP.Cep.¢us. ,1986,1.50,c.563.

2. Tane B.. Uee.AH Jlate.CCP.Cep.$.~-T.H.,1987,c.37.

3. Tane U.A. Ue2B.AH CCCP.Cep.¢us.,1986,1r.50,c.536.

4. Tale I. et.al. Solid St.Comm.,1983,v.48,p.135.
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CATHODOLUMINESCENCE AND THERMOLUMINESCENCE SPECTRA OF QUARTZ
B J Luff, A C Cox and P D Townsend
School of Mathematical and Physical Sciences
University of Sussex
Falmer, Brighton BN1 9QH
East Sussex

UK

Despite an extensive literature on CL and TL of quartz the
interpretation of signals is difficult because of trace
impurities. The present measurements were considered as
samples of ultra pure gquartz and Ge doped ultra pure material
became available for comparison with normal purity crystals.
Spectra have been recorded over the range 260 to 810nm. For
CL the data were taken from 50 to 300K and for TL from 300 to
700K. The two techniques gave similar spectra for a

particular sample.

The spectra from different crystals varied quite widely
and a variety of emission bands were detected ranging from
blue to red, even in the purest material. Samples of normal
commercial purity were 'improved' by electric field sweeping
to remove alkali ions, with a consequent reduction in the
number of emission bands.

Ultra pure material prepared by GEC contains less than 1%
of the normal OH or A2 concentrations of "pure" quartz. The
ultra pure samples produce greatly reduced TL signals compared
with normal "pure" gquartz but were of similar 1luminescence
efficiency during radioluminescence.

b tN
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During the CL measurements attempts to resolve the
emission bands by lifetime resolution were made. In normal
purity crystals this was difficult due to 1long 1lifetime
luminescence (T ~ 1 sec), but in some superpure material the

lifetimes dropped to msecs.

In Ge doped superpure crystals a series of closely spaced
narrow band emission features were detected. From the 1line
spacing these are tentatively ascribed to states of molecular

oxygen trapped in the lattice.
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GENERATION-RECOMBINATION AGGREGATION OF RADIATION
DEFECTS: VOLUME AND SURFACE EFFECTS IN SOLIDS

F.Pirogov

Institute of Physics, Latvian SSR Academy of Sciences
229021 Riga, Salaspils 1, USSR

Radiation induced spatial redistribution and aggre-
gation of point defects affects greatly the physics of
radiation stimulated processes: impurity diffusion, phase
transitions et al. In strongly nonequilibrium systems
with reactions (when defects generstion, recombination
and capture rates exceed those for the spatial distribu-
tion relaxation processes), spontaneous clusterization of
gingle-type defects (even when long-range interaction po-
tentials are absent) occurs. Thig effect is known as gene-
ration-recombination aggregation (GRA), and was studied
by means of computer simulation [1-3}.

The present work is devoted to discussion of the basic
insights into GRA of radiation defects and its role in
various procesges in solids under irradiation. The effects
of irradiation dose rate upon GRA at low temperatures are
studied for s simple model: random generation of vacancy-
interstitial pairs (rate | ), mobile interstitials (dif-
fusion coefficient -QDI); instantaneous vacancy - intersti-
tial recombination, when r ¢ /i (recombination radii
e » vacancy interstitial separation /° ); formation of
immobile complexes via interstitial collisions (aggrega-
tion radii Fa ).

It is shown that the efficiency of aggregation increas-
es with the increase of paremeters pf = 24 n’/sz,

2 = la/fe ( N; - defect concentration).
For /bl . /bz o1 ageregates of interstitials (containing
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10-102 defects) are formed in the lattice with high pro-
bability and large generation-recombination induced time
and space fluctuations of local defect and cluster con-
centrations are present .

At higher temperatures, when both types of defects
are mobile it is shown that due to the presence of va-
rious sinks, internal and external boundaries, the local
GRA efficiency is increased and local phase transitions
occur. It Jr » W »dv  ( Dzv - diffusion coeffici-
ent for bivacancy), two temperature ranges exist: 7 < /g
and T}TQ (where Tc becomes smaller with the increase
of A ). For T<Te , radiation-induced nucleation
takes place via conventional diffusion - controlled mecha-
nism, bur for 7->-Té. via coalescence of small clusters.

Many-particle analytical theory for defect accumulation
and aggregation (valid for large vacancy, interstitial,
sink concentrations and pair interaction between them) is
given. It is found that in the case when GRA is present,
the defect recombination and capture rates depend non-
linearly upon /\ .

1. Pirogov F., Pslagashvili E. Izv. AN Latv.SSR, ser.fiz.
teh.nauk, 1985, No 6, p. 113-116.

2. Pirogov F., Shvarts K. The influence of radiation and
light on geterogeneous systems. Abstr., Kemerovo,
1986, p. 61-63.

3. Pirogov F. Rad. Phys. and Chem. of Ionic Crystals.
Abstr. Riga, 1986, p. 44-47.
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LASER DAMAGE MECHANISM REVEALED BY THE MORPHOLOGY OF DAMAGED
REGIONS

L.C., NKistor, V. Teodorescu, S.V, Nistor

Central Institute of Physies, P.O. Box MG-6 Magurele
Bucuresti, ROMANIA 76900

The demage mechanism induced by high power lasers ia
transparent materials, as well as the absorption of the laser
beam depends on the presence of defects such as impurities or
inclusions /1/, We are presenting a comparative study of the
laser damage mechanism reflected in the morphology of the da-
maged regions, for KCl and ZnSe crystals of low and high puri-
ties. The irradiations have been performed in standard experi-
mental setups for the determination of damage threshold using
TEA-CO, lasers (A= 10.6/;m, energy per pulse up to 0.1 J,
pulse duration 100 nsec.). Standard calorimetric method was
used for absorption coefficients determinations, while the da-

maged regions were studied by optical microscopy.

Low purity single crystals of usual optical quality
with abserption coefficients of: /SKCI = 1.8x10_2 en”! ena
ﬁZnSe = 2x10-3 cm_1, have been irradiated in a single laser
pulse with powver densities close to the respective damage
thresholds (P, = bx10" 2)
croscopic investigations show the appearance of filamentary

w.cm-z; Pyose ® 108 w.en™2). The mi-
damaged regions (fig. 1 - KCl; fig. 2 - ZnSe) inside the crys-
tel, along the direction of the laser beam. These filaments
consist of a sequence of small damaged zones, having dimen-
sions of 10—h0/4m, between them the crystal remaining undes-
turbed. Some of these damaged zones contain microcleavages in
the main crystallographic directions., These elementary damaged
zones Teveal the sites in the crystals where absorbing centers
for the laser radiation exist. Such centers could be formed by

impurity agglomerates or inclusions. Indeed, further spectro-
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photomeﬁrlc investigations revealed anionic impurities (N03,

2, Soh }) in KCl crystals, while ¥ransmission electron mi-
croscopy studies show graphite inclusions of micron size in
ZnSe crystals. The laser damage is due in this case to local

heating at these specific sites.

On the contrary, the morphology of laser damages in
stecially grown high purity crystals for high rower lasars
(PKCl = 2)(10.h cm~2; Prc1 = bx107 W.em™2) is very different.
The damage has the aspect of a cross (fig. 3-KCl) formed of
microcleavages, following the wprincipal crystallographic di-
rections, and appearing only in one site. The morphology Te-
sembles the electrical breakdown in insulating materials, sug-
gesting an avalanche ionisation mechanism for laser damage.
Similar morphological aspects hawe been observed in windows
made from CVD ZnSe, but the sample being polycrystalline,the
damaged zone are not related to any crystallographic direc-

tion.

/1/ R.M, WOOD, "Laser Damage in Optical Materials, Adam Hilger
Series on Optics and Optoelectronies, IOP Publishing Lt4d,
Bristol (1986)
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RADIATION-INDUCED DEFECTS IN QUARTZ: RELEVANCE TQ THE PRE-DOSE
EFFECT IN THERMOLUMINESCENCE DOSIMETRY
S.W.5.McKeever, X.H.Yang and R.Chen, Department of Physics, Ok lahoma
State University, Stillwater, OK 74078-0444, USA.

We have used Electron Spin Resonance (ESR), Thermoluminescence
(TL) and Infra-Red Absorption Spectroscopy to monitor a variety of
radiation-induced defects in synthetic quartz, as functions of various
anneal ing and sweeping treatments. Our purpose has been to establish
correlations between the behavior of certain defect-types and the so-
cal led ‘Pre-Dose Effect’ in this material. This effect is used in both
radiation dosimetry and archaeological dating applications to calculate
the dose of radiation absorbed in quartz samples of different origins. In
addition, the data obtained are relevant to an understanding of the
behavior of quartz oscillator crystals in radiation environments.

The 110 °C TL peak of as-received, synthetic quartz (Electronic
Grade and Premium Q, x- and z-cut crystals; Sawyer Research Products) has
been found to be strongly supralinear with the dose of excitation.
Quadratic and nearly cubic dependencies have been observed with both y-
and B irradiation. Annealing the samples at 300 °C or higher
substantial ly increases the sensitivity and removes the supralinearity.
Increases in the sensitivity by factors of 30 - 1000 have been observed,
depending on anneal ing temperature and sample type. Furthermore, shifts
in the TL peak position are clearty observed, depending on the dose used
and the temperature to which the samples were annealed.

Measurements of the post-irradiation thermal stability of severai
radiation-induced ESR signals establish a clear correlation between the
110 °C TL peak and (A10,)° centers. The thermal stability data indicate
that these trapped-hole centers are acting as recombination sftes in the
TL production process. The identity of the trapped-electron site is less
certain, but (GeO,)” centers appear to be involved. The thermai stability
measurements also reveal that the hydrogen-related defects, (H;0,)°, may
atso be playing a part in the production of the TL in this temperature
range. The involvement of hydrogen in the TL mechanism is also suggested
by high-temperature annealing effects on the infra-red absorption data,
and by the effects on the TL curves of hydrogen sweeping.

Based on our observations we forward a suggestion to explain the
supral inear growth of the TL with absorbed dose in as-received samples
and its subseqguent removal foliowing high-temperature annealing. A modei
based on competition during the heating phase of TL production can be
satisfactorily used to account for the observed shifts of the TL peak
temperature, the sensitivity increase following annealing, and the
transition from a supral inear to a 1 inear dose response. From the ESR
data we are able to suggest the identity of the defects involved in the
competition process. The retevance of our findings to the Pre-Dose Effect
will be discusced.
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THERMALLY STIMULATED CONDUCTIVITY AND LUMINESCENCE IN FLUOROPEROVSKITES

» » * °
N. Kristianpoller , B. Trieman , R. Chen and Y. Kirsh
«*
School of Physics and Astronomy, Tel Aviv University
‘Everyman's University, Tel Aviv, Israel

The formation of point defects in various perovskite-type fluoride
crystals was studied by methods of thermally stimulated conductivity (TSC)
and luminescence (TSL). Optical absorption was measured as well. The
defects were induced in nominally pure and in variously doped specimens by
X~rays or by monochromatic UV radiation. The experimental techniques were

essentially the same as previously described (l}.

The kinetic parameters of the main TSL and TSC peaks were evaluated by the

(2)

initial-rise method and by Chen's half-width method. Emission and

excitation spectra of the main TSL peaks were also measured.

The comparison of our results with those previously obtained in these

(e.g. 3)

crystals by gamma or fast electron irradiations showed that the

same Vk and F-type centres were induced by X-rays as by the gamma or fast
electron irradiations. The Vk centres in these crystals become generally
mobile between 100 and 300K and the thermally raleased holes rcombine with
tae electron centres. OQur finding that most of the X-induced TSL peaks
were accompanied by TSC peaks, indicates that these recombination
processes are due to charge transport over several unit cells rather than

to local transitions.

Some of the X-induced TSL peaks also appeared after UV irradiation at 80K,
indicating that the same defects are involved in both cases. The
excitation spectra of the UV induced TSL peaks showed generally maxima at
the low energy tail of the first exciton absoﬁption bands of the crystals.
It appears that radiolysis processes are responsible for the formation of

the defects induced in these crystals by the various types of irradiation.
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However, no measurable TSC could be detected after UV irradiaéion of

these crystals. This might be due to the relatively low concentration of

defects induced by the low-intensity monochromatic UV radiation.

Alternatively, this could indicate that the UV light mainly causes the
formation of hole and electron centres in close proximity. In this event
the recombination might be through a local transition, or might be due to
a process in which the free carriers remain in the bands for a very short
time only. It might be noted that a different behaviour has been reported
for UV irradiated alkali halides. In these crystals mainly Frenkel pairs
are formed by low temperature irradiations and it was found that mainly
seperated Frenkel pairs are produced in case of VUV irradiation (b). In
some of the here examined fluoroperovskite crystals, thermally stimulated
polarization (TSP) and depolarization (TSD) currents were also recorded,
indicating that these unirradiated crystals contain dipoles, which are

probably due to impurities in the vicinity of their charge compensators.
REFERENCES

(1) B. Trieman and N. Kristianpoller, Phys. Stat. Sol. (b) 105, 739
(1981).

(2) R. Chen and Y. Kirsh, Analysis of Thermally Stimulated Processes,
Pergamon, 1981.

(3) A. Podinsh and W.A. Sibley, Phys. Rev. B18, 5921 (1978).

(4) N. Kristianpoller and Z. Davidson, Digest Int. Conf. on Luminescence,
Beijing 1987, p.36.
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RADIATION DEFECTS IN A KTiOPO4 SINGLE CRYSTAL

L.G.Karaseva, B.V.Andreev, V.V.Gromov

Institute of Physical Chemistry of the Academy of Sciences
of the USSR, 117915 Leninsky prospekt,31, Moscow, USSR

The method of ESR-spectroscopy, spectrophotometry, thermo-
luminescence (TL) and thermally stimulated currents (TSC)
were uged for the study of radiation defects formed upon

Y-irradiation of KTiOPO4 single crystals, which is a new
nonlinear optical material /1/. The generation of defects was
ggrformed at a temperature of 77 K an% 200 K by means of the

Co Y-source over the dose range 10--10" Gy (dose rate 13
Gy/s.)

Main radiation defects of the given matrix over the
studied dose range were determined. They are:two structurally
nonequivalent titanium centres Ti3+-V°—Ti4+, which appear
during the capture of the electron on the 3d-orbital of tita-
nium, lying next to the oxygen vacancy Vo; and two hole POi'-
centres, .

The ESR spectra of electron centres possess a super-hyper-
fine structure due to the interaction of an unpaired Ti3+
electron with the two nearest 39K atoms. Radiospectroscopic
parsmeters of the electron centres are as follows:

81x7E1y"" +965%0.001; 81,°1+961%0.001;

8ax=8p "1 .95720.001;  g,,=1.951%0.001
A=A =1.5%0.5 E
A,=6%0.5 E

A wide anisotropic band in the spectrum of additional
optical absorption with weakly resolved maxima in the region
of 490 and 550 nm makes a superposition of absortion bands,
one being caused by 7i3* jons in an octahedral crystalline
field with considerable tetragonal distortions and the other
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by Poi' ~-centres. Radiospectroscopic parameters of the hole
centre are as follows:

gx=2.012to.oo1;

gy=2.005t0.001;

g,=2+032%0.001;
Ax31p < 1.5 E;

31 _at .
Ay p-3 0.5 Ej;

+
A231p=9-0.5 E.

The thermal ennealing of Poi' centres is accompanied by
TL with the maximum at 330 K and by a partial decrease in
the concentration of electron titanium centres. The peak of
the TSC curve at 360 K (the current was measured along the
x-axis of the sample) corresponded to a complete disappesa~
rance of titanium centres.

References.

1. L.G.Karageva et al. Dokl.Akad.Nauk SSSR, t.289, s. 1152,
1986.
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3
THERMOLUMINESCENCE OF Eu * AGGREGATES 1IN CdF2 CRYSTALS

+* +* ++4+
S.Benci+ , F.Fermi and A.Nagornyi

* Dipartimento di Fisica - Universitad di Parma - Italy
A Istituto di Scienze Fisiche - Universita di Parma - Italy
*
and Unita di Parma, Centro Interuniversitario di Struttura della
Materia del Ministero della Pubblica Istruzione - 43100 Parma,
Italy and Gruppo Nazionale di Struttura della Materia del C.N.R. -
43100 Parma - Italy
4

Institute of Solid State Physics, Latvian State University, Riga
USSR.

The thermostimulated luminescence glow curve of CdFZ:Eu3* crystal irra-
diated by u.v. light or X-rays shows a complex structure due to the pre
sence of Eu”*-Fi~ dipoles and dipoles aggregates of different symme-
tries and complexities. As a consequence the correlation between glow
peaks and well defined impurity recombination centers is a not resolved
problem. Interesting informations can be supplied comparing thermosti-
mulated luminescence and high resolution emission spectroscopy measure-
ments.

Thermostimulated luminescence (TSL) and fractional thermoluminescence
(FTSL) measurements of CdFy crystals doped with Eu3* (0.1% mol.) irra-
diated at 77 K have been performed in the temperature range 77+300 K.
The TSL glow curves of as received samples irradiated UV light and X-
rays are shown in fig.l. The glow curves after X-rays or UV irradia-
tion show a very different behaviour. For quenched samples, X irradia-
ted, the TSL main peak shifts to 160 K and a second peak increases at
low temperature. The TSL curve for quenched samples UV light irradia-
ted changes with respect to that obtained for as-received crystal: the
main TSL peak is at 170 K, another weaker peak is at 185 K and a peak
at low temperature increases as for the X-ray irradiated samples.

The FTSL spectra for as-received samples X-rays and UV light irradia-
ted are shown in fig.2. In fig.3 the FTSL spectra for quenched samples,
if UV or X-rays irradiated, point out electron traps with the same
depth, characterized by activation energies of about 0.33 eV and 0.44
eV. According to the attribution of the lines observed in photolumine-
scence by Kingsley et al (1)}, Jouart et al (2) and de Murcia et al (3}
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the photoluminescence experimental measurements have pointed out that in
the as-received crystal few Eu3* cubic centers are present, prevailing
dimer centers, that decrease after the quenching, increasing cubic Eud+
and dipole centers. Considering these results, an attribution of the
peak at 160 K to Eu3t cubic centers, of the peak at 175 K to dipole cen-
ters and of the peak at 240 K to dimer centers can be discussed.

1) J.D.Kingsley, J.S5.Prener, Phys.Rev. 126, 458 (1962).

2) J.P.Jouart, C.Bissiaux, M.Egec, G.Mary and M.de Murcia, J.Phys.C:Solid
State Phys. 14, 4923 (1981).

3) M.de Murcia, Jin Yixin, P.Bridunlich, J.P.Jonartand, H.J.von Bardeleben,
J.Phys.C:S0lid State Phys. 15, 2069 (1982).
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DEFECT LUMINESCENCE IN UNDOPED YAG

G. Wu*, A. Wu, R. P, Shafer, G. P. Williams, Jr.,
and R. T. Willjiams
Department of Physics, Wake Forest University
Winston-Salem, NC 27109 USA

C. Y. Chen*
Dept. of Materials Engineering, North Carolina State University
Raleigh, NC 27695 USA

Y. Chen
Solid State Division, Oak Ridge National Laboratory
Oak Ridge, TN 37831 USA

Crystals of YAG (yttrium aluminum garmet, Y_Al_0.,) which have not
been intentionally doped with luminescent ions have been subjected to
particular growth conditions, thermochemical reduction, and neutron
irradiation. Luminescence from the resulting defects has been studied
under pulsed laser and cw excitation. Crystals used were grown at the
Shanghai Institute of Optics and Fine Mechanics (SIOFM), at Allied Signal
Corp., and at Union Carbide. Photobleaching and annealing properties
which affect the luminescence have been studied. The most prominent
band not directiy attributable to a trace impurity is found in luminescence
at 400 nm and in absorption at 370 nm. It is enhanced by both thermo-
chemical reduction and by neutron irradiation. It is most prominent in
undoped crystals grown in reducing CO atmosphere and Mo crucibles at SIOFM.

Acknowledgment: This work was supported by DARPA under Inter Agency
Agreement 40-1611-85 with Martin Marietta Energy Systems, Inc., contract
DE-AC05~-840R-21400 with the U. S. Department of Energy.

*Shanghai Institute of Optics and Fine Mechanics, Shanghai, People's
Republic of China.

*Present address: Department of Physics, Oklahoma State University,
Stillwater, OK 74074 USA.

461




TH - P47

Study of Threshold Effect in Mg-doped Lithium Nigbate
Crystal
Fengxiqi, Ying jifong, Liu Jingchen
Shanghai Institute of Ceramics,Academia Sinica
865 Chang-ning Road, Shanghai,China
Zhang Qiren
Suzhou Railway Normal College

Laser-induced refractive index changes, which have been
labeled"Optical damage", often serioualy impede the applica-
tion of the crystal as modulators,waveguide devices or
frequency doublers because light beams are decollimated and
scattered.It was reported by Zhong et al.(1) that resistance
to optical damage in LiNb03 was improved if more than 4.5%
Mg0 was added to the congruent melt.Then Bryan et al. demon-
strated the existance of a threshold effect with regard to
Mg0 doping levels(2).In the last few years, a series of pub-
lications dealt with the anomalous properties of heavy Mg-
doped LiNbO3 crystals. These publications showed that the
defect structure of the Mg-doped LiNb03 has significant in-
fluence cn the optical damage resistance in LiNb0O3 crystal.

In this paper, measurements of OH absorption bands, fun-
damental optical absorption edge, lattice constant,density,
color center absorption spectra, and Fe’ ESR spectra under
room temperature in a series of magnesium doped, iron doped
lithium Niobate crystal and their dependenre on magnesium
concentration are made. It is observed that there exist the
thershold effect of magnesium dopant oncentration in the
measurements. The influence of magnesium ion on defect stru-
cture of LiNbO3 crystal is studies by use of the defect
chemistry in magnesium doped LiNb03 crystal. Therefore the
formation of various defect lattices in the crystal with
different magnesium dopant concentration and their growth
and decay rules are proposed. It is shown by the calculation
that “he defect lattice with Nb-site Mg"* will be formed
in a ceongruent LiNbO3 crystal when the Mg0 doping level
approaches 5.3%, and it should be the main mark of the "thre-
shold". It is satisfactory to demonstrate the previous ex-
perimental results by use of the changement of the ionic
environment in the LiNbD3 crystal caused by the "thershold",
and the calculation of the ehreahold concentration coin-
cides with the experiments. It seems that the model proposed
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is reasonable. The conclusion in this paper can by used to
explain the origin of the highly incresing anti-optical
damage capability in a highly magnesium doped LiNb03. This
is significant so as to the research workof the modification
in other ABO3 type electro-optic crystals.

(1) Gi-Guo Zhong, Jin Jian and Zhong-Kang Wu, 11th Inter.
Quan. Elect. Conf., IEEE Cat. No. 80 CH1561-0, June 1980,
p. 631.

(2) D. A. Bryan, Robert Gerson and H. E. Tomaschke, Appl.
Phys, lett., 44(1984)847.
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EFFECT OF TEMPERATURE ON 'X}RADIATIUN INDUCED I.V. DIPOLES
2+

AGGREGATION IN KC1:Eu CRYSTALS

H. Opyrchal, K.D. Nierzewski, B. Macalik and M. Manfredi’’

Institute of Low Temperature and Stiructure Research,
Polish Academy of Sciences, Wrociaw, P.0.Box 937, Poland
*)Institute of Physics, University of Parma, Italy

The state of Eu2+ ions, originally present in the form of isolated
I.v. dipoles, in KCl crystals ¢q-irradiated at 80K, 200K, 295K, 373K and
423K was studied by the ITC, EPR and optical method.

The significant decrease of the concentration of Eu2+; cation
vacancy dipoles found in the whole temperature range on the basis of ITC
measurements, is interpreted in terms of radiation stimulated diffusion
resulting in the formation of some aggregates. By employing the EPR,
optical absorption and emission measurements, it is shown that structure
of aggregation products depends on the radiation temperature.

Low temperature irradiation (BOK and 200K) induces the formation
of small dipole aggregates possible like dimers and trimers. Irradiation
at 295K, 373K and 423K induces formation of the Eu2+— rich foreign phase
precipitates. The comparison of the results obtained by the same methods
in nonirradiated KCl:Eu2+ crystals annealed at various temperatures with
those obtained in this work, permits to conclude that:

a) during 295K irradiation the precipitates of [u2+— rich phase
similar to that found in KCl:Eu2+
are formed;

stored for several years at RT |1,2]

b) the precipitates of the phase appearing in EuZ+

- doped crystals
annealed at 473K =+ 523K |3| can be produced during relatively short irra-
diation (about 10h) at 373K or 423K.

The F center growth curves obiained for pure and Eu2+~doped CTyS-
tals resemble in the whole temperature range the growth curves found for

the other KCl:Me2+ systems |1|. On the other hand, the V band behavior

465




|
|

displays essential differences resulting from radiation induced changes in
Eu2+ dipoles state.

At low temperarures (BOK and 200K) the V-type band increases propor-
tionally to F band, independently of the dopant concentration. For 295K the
relation between F and V-type bands depends on the dopant concentration:

a) for low concentration (up to 15ppm) V band increases proportion-
ally to F band;

b) for medium range (15-100ppm) V band increases slower than F band;

c) no V-type band could be detected at samples containing more than
100ppm Eu’*.

After irradiation at 373K and 423K no V-type band has been found in absorp-
tion spectra independently of dopant concentration.

The results obtained cannot be explained in terms of the coloration
models based on the assumption of the interstitial trapping by isolated
dipoles.

The present work supports the mechanism of interstitial stabiliza-
tion by the aggregation products formed during the irradiation. The tempe-
rature and concentration dependence of V-type band formation can be under-
stood by assuming that trapping cross-section of the vacancies introduced
by impurity is much larger than that of isolated dipoles and their small
aggregates (80K and 200K; formation of distinct V-band) and much smaller

+ .
z concentration at

than that of large particles of precipitates (high Eu
295K, or 373K and 423K irradiation) yielding the centers with very low

oscillator strength.
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THERMOLUMINESCENCE AND OPTICAL ABSORPTION IN
CALCIUM ALUMINATE GLASSES

R. Verzini and A.R. Blak

Instituto de Fisica da Universidade de Sao Paulo
C.P. 20516, CEP 01498, Sao Paulo, SP, BRASIL

Interest in calcium aluminate glass is stimulated
by the optical transmitance property which it possesses in the
infrared spectral range. Considerable work to improve the
infrared transmission of this kind of glass has been done.

The base glass used in this study is a calcium aluminate
type with mol% composition 40.8A1503, 49.0Ca0, 6.1Si0; and

4.1Mg0. It is well known that calcium aluminate, wnen
UvV-irradiated, changes colour from blue to green. In the
present work, a detailed investigation of the

thermoluminescence (TL) emission by such glass is investigated
and a search for the colour centers using Optical Absorption
(OA) spectra is pursued. In addition, samples with impurities
of MgF,{(0.5, 1.0, 2.0 and 5.0 wt%), Can(l.O, 1.5 and 2.0 wt%)
and Nd203(4.0 wt%) are included.

In the UV-irradiated calcium aluminate OA spe